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ERRATA. 

Pige  xlnii.  line    7  from  top,  far  older  rmrf  newer. 

—  xlTiiL  —    8  from  top,  ybr  newer  nod  older. 

—  Uii.  —    2  from  top.  f»  north-west  rtti  •omh'.eMt. 

—  4,  —  22  from  bottom,  fitr  more  rtad  now. 

—  60,  —     8  from  bottom,  far  Pl.  I.  fig.  S  rtad  Pl.  I.  fig.  6. 

—  61,   —  22  from  top,ybr  Pl.  I.  fig.  C  rtud  Pl.  I.  fig.  5. 

—  65,  —  U  fitnn  top,  <br  G.  BeeU  read  G.  ffieolL 

—  65,-12  from  top,  for  G.  NieoU  read  G.  BteH. 

—  65,  —  19  from  top,  for  O,  Ueermi  read  G.  rtelamgulani. 

—  76,  —  14  from  bottom,  for  in  contact  with  rtad  contigaooi  ta 

—  77,  —  25  from  top,  hrfort  mineral  waten  mtrt  principal. 

—  77,  —  10  from  bottom,  for  louth  rtad  east. 

—  134,  —    2  from  bottom,  fiir  fourteen  rtad  one  hundred  and  eighty. 

—  143,  —  25  from  bottom,  ^  limestone  rwarf  flagstone. 

—  149,  in  description  of  woodcot,  fur  shelly  limestones  with  pebble  beds 

ranf  shelly  sandstones  with  pebble  beds. 

—  212,  line  14  from  top,  fbr  commencement  rtad  close. 

—  212,  —  15  from  top,  for  dose  reotf  commencemenL 
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The  following  communications  were  read  : — 

I.  On  the  MicBoscopiCAL  Structure  of  the  Calcarzocb  Grit 
of  the  Yorkshire  Coast.    By  Henry  Clifton  Sorby,  F.G.S. 

If  a  piece  of  that  part  of  the  calcareous  grit  just  below  the  coralline 
oolite,  which  contains  numerous  agatized  shells,  be  dissolved  in  hy- 
drochloric acid,  we  obtain  portions  of  agatized  shells,  and  a  quantity 
of  sandy  matter,  which  without  further  examination  would  naturally 
be  thought  to  be  merely  sand,  and  such  it  has  hitherto  been  con- 
gidered.  When  however  examined  with  a  microscope,  it  is  at  once 
Been  to  contain  a  very  large  quantity  of  reniform  bodies,  which  are 
evidently  not  sand,  but  some  kind  of  minute  organisms  converted 
into  agate.  The  mere  occurrence  of  minute  agatized  shells  in  this 
deposit  would  certainly  not  be  a  fact  worthy  of  being  laid  before  this 
Society,  but  since  they  exist  in  such  vast  numbers  as  to  constitute  a 
Tery  considerable  portion  of  a  well-known  rock,  and  by  the  manner 
in  which  they  occur  are  presented  to  us  in  a  form  that  is  additionally 
interesting,  perhaps  a  detailed  account  of  them  will  not  be  thought  a 
I  subject  unworthy  of  attention. 

The  chemical  composition  of  a  specimen  containing  no  large  shells 
was  determined  by  dissolving  it  in  hydrochloric  acid ;  and  the  fine 
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muddy  matter  was  separated  from  the  co«r«or  iuindy  portion  by  ro»- 
pension  in  water  and  decantation ;  from  which  I  found  that  we  bmd 
in  100  parts — 

Matter  soluble  in  hydrochloric  acid,  being  chiefly  calcareous     60 

Coarse  saudy  matter     34 

Fine  sandy  matter    .  6 

100 

This  coarse  matter  cousi^ted,  in  nearly  equal  proportioiu,  of  the  re- 
nifomi  agatized  bodies,  and  sand,  whose  particles  varied  In  size  from 
y^th  to  ^fl'flgth  of  an  inch,  the  average  being  -^^th,  of  which  the 
great  bulk  was  composed.  The  fine  matter  contained  some  few  grains 
of  y^th  to  yVffi!'^  ^^  "^  incli,  and  all  sizes  down  to  la^^th  or  less, 
but  the  bulk  was  made  up  of  those  of  from  ^<;;;i;,th  to  aQ5^  of  nn  inch. 
Hence  it  is  clear  that  this  deposit  was  not  subjected  to  much  wash- 
ing at  the  time  of  its  drpohilion,  or  else  it  would  not  have  been  com- 
posed of  particles  of  such  very  Taryiug  magnitude. 

Although  in  some  parts  the  coarse  sand  and  reniform  bodies  occnr 
in  such  numbers  as  to  touch  one  another ;  and  although  some  por- 
tions of  the  grit  retain  their  tigure  when  the  calcareous  matter  is  dis- 
solved away,  yet  in  others  it  may  l>e  seen  that  a  considerable  part  of 
it  was  deposited  at  the  same  time,  and  was  not  merely  intiitrated 
among  the  coarser  particles  nubMsjueutly,  although  much  of  it  hat 
undoubtedly  been  introduced  in  tliis  maimer.  If  n  thin  slice  of  the 
Stone  be  prrnared,  not  much  thicker  than  lA'fm'h  of  au  uich,  and 
examined  with  a  microscope,  the  manner  in  which  the  grains  of  sand 
and  the  reuifurm  bodies  are  inibrddcd  in  the  impure  calcareous  de- 
posit is  well  seen.  The  form  of  these  bodies,  however,  is  best  made 
out  by  examining  them  ns  left  niirr  dissolving  a  portion  of  the  stono 
in  acid,  when  it  will  be  seen  that  they  varj-  suniiwluit  in  their  »b»|K% 
In  many  cases  thev  are  of  a  form  Uiat  may  mu»t  truly  be  teriiu-iT^^ 
reniform,  one  aide  being  perfectly  rounded,  and  the  other  linTini;  ku 
incurved  depmsiso  of  va^ing  denth,  in  some  »o  »light  that  the  Im.U 
if  almost  globular.  When  turned  round,  they  are  seen  to  bi- 
IsMdepKMed,  andtobavean  ovalfomi,  liDthside.slH-ingxynij. 
Their  (rite  varies  from  jj,,th  to  ^l-^tli  of  au  inch,  the  averngr  Ix  iiig 
about  liiith.  Their  internnl  (tructure  i«  1)0*1  seen  by  mounting 
thrm  in  ('aiuubi  balsam,  which,  haniig  nearly  the  same  refractive 
power  as  the  agate,  eatiM-s  the  \m\\l  la  yns»  through  them  as  regu- 
larly na  if  we  had  a  (bin  section.  1  have  aLio  carefullv  investigated 
it  by  examining  theni  in  tin-  Inttrr  condition,  as  occurring  in  a  (bin 
slice  of  the  utone.     Hy  i  :is  I  limi  that  thcjr  often  hav 

structure  nimilar  to  that  i     ,  ^  M^n  in  large  agates,  the  depL  i 

having  bij;iin  from  the  bides,  and  lel^  a  vncaiicy  in  the  cnitrr,  which 
was  aAerwnrdt  tilled  up  with  lest  pure  Hi.'ate  in  alternating,  more  or 
Im  coloured  strata.  It  is  only  in  some  ca«c«  that  this  sort  of  stnic- 
tnre  is  well  seen  by  transniitttHl  light ;  but  nben  a  thhi  shce  is  ex- 
amined bj  rsHcetca  light,  it  is  aeen  much  murr  iVequently,  owing  to 
Uw  oifMiBMUBoe  that  many,  in  which  it  is  really  present^  are  occu- 


^rii^^^H 


1850.] 


SORBY  ON  THE  CALCAREOUS  GRIT. 


pied  with  colourless  agat«,  and  (under  the  former  condition)  do  not 
therefore  exhibit  their  component  layers.  In  some  few  rare  instances 
there  is  a  vacant  space  left  in  the  centre,  owing  to  this  last  stage  of 
Bgatization  not  having  occurred ;  and  often  the  whole  is  filled  with 
homogeneous  agate.  There  are  also  cases  where  there  is  more  or  less  of 
granular  impurity  in  them,  either  disseminated  or  coUeL'ted  together. 

But  not  only  are  these  reniform  bodies  converted  into  agate,  but 
also  very  frequently  are  entirely  filled  with  calcareous  spar.  The 
difference  between  agate  and  calcareous  spar  is  very  readily  discover' 
able  by  their  action  on  polariied  light.  Calcareous  spar,  owing  to 
its  very  intense  double  refraction,  does  not  give  rise  to  colours  in 
the  same  manner  as  quartz  or  agate,  in  which  the  double-refracting 
power  is  so  much  less  ;  but  except  when  we  see  portioas  of  its  system 
of  rings,  the  only  action  which  it  has  on  polarized  light,  b  to  depo- 
larize it  in  some  positions  as  white  light,  and  by  rotation  definite 
neutral  axes  are  found.  Thus,  if  the  whole  of  the  reniform  body  is 
filled  with  calcareous  spar,  having  the  crystalline  particles  all  ar- 
ranged in  one  direction,  by  rotating  it  round  the  beam  of  polarized 
light,  with  the  analyser  in  such  a  position  as  entirely  to  suppress  it, 
in  some  positions  white  light  will  be  seen  to  pa«s  through  the  whole, 
while  in  others  the  body  will  a(ipeur  entirely  dark.  In  other  cases 
the  bodies  are  filled  with  calcareous  S[)ar,  which  has  been  crystallized 
in  portions  that  have  their  neutral  axes  inclined  to  one  another  at  va- 
rious angles,  so  that  by  rotation,  one  portion  is  dark,  whilst  others  are 
light ;  which  by  farther  rotation  are  easily  shown  to  be  unconnected 
in  their  crystalline  arrangement.  When  however  they  are  filled  with 
agate  no  such  effect  is  produced,  hut  in  every  position  we  have  the 
appearance  of  a  circular  white  disc,  with  black,  blue  and  orange 
bands  radmting  in  an  irregular  manner  from  the  centre,  and  changing 
places  by  rotation.  In  some  cases,  one  portion  is  converted  into 
agate,  whilst  another  is  calcareous,  sometimes  in  the  form  of  crystal- 
I  line  spar,  and  at  others  as  a  concretion,  similar  to  those  sometimes  to 
en  in  the  substance  of  the  shells  from  the  grit,  which  are  partially 
zed.  In  these,  some  of  the  original  calcareous  matter  still  re- 
mains in  the  form  of  small  concretions,  sometimes  disseminated  in 
'  the  agate,  but  generally  attached  to  the  sides  of  the  shell.  In  the 
aame  slice,  and  in  the  same  field  of  view  of  the  microscope,  we  find 
•ome  of  the  reniform  bodies  filled  with  agate,  and  others  with  calca- 
,  reous  spar,  but  their  relative  numbers  vary  in  different  parts  ;  in  some 
parts  nearly  all  being  agate,  and  in  others  calcareous. 

I  counted  in  the  space  of  i-fs^^  ^^  "  square  inch,  in  an  average 
I  portion  of  a  thin  slice,  no  less  than  forty  of  these  bodies,  and  there- 
jiore  on  a  square  inch  there  would  be  1I,2UU;  and  since  they  are 
kon  an  average  yj-j^th  of  an  inch  in  diameter,  there  would  be  at  thii 
Irate  about  two  and  a  quarter  millions  in  a  cubic  inch.  Moreover, 
[taking  into  consideration  those  filled  with  calcareous  spar  as  well  as 
[those  that  are  agutized,  I  shall  not  be  overrating  them  if  I  suppose 
I  them  to  constitute  20  per  cent,  of  the  whole  rock.  Calculating  on 
I  this  supposition,  and  on  their  being  ^jn!^^  '^^  '^  >i^<^^  '"  diameter. 


and  therefore  about 


U,M>fil» 


;th  of  a  cubic  inch  in  content,  there  would 
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be  Rbout  three  milliona  in  a  cubic  inch.  Hence  I  think  it  maj  be 
safely  considered  that  there  are  two  or  three  millions  of  them  in  a 
cubic  iuch  of  the  stone,  when  it  does  not  contain  many  larger 
shells. 

Having  thus  described  these  reniform  bodies,  and  shown  in  what 
vast  numbers  they  are  found,  I  will  consider  what  they  arc.  First 
of  all,  they  cannot  possibly  be  grains  of  sand,  because — 

1 .  They  are  much  too  regular  in  their  form,  the  most  regularly 
formed  grains  of  sand  being  somewhat  angular. 

2.  Their  action  ou  polarized  light  is  totally  different  from  that  of 
grains  of  sand  ;  which  »how  uniform  series  of  colours  with  no  radi- 
ating dark  and  coloured  bauds,  and  hare  each  a  definite  single  system 
of  neutral  axes. 

3.  The  agate  structure  is  quite  different  from  that  of  siliceous 
sand. 

-1.  Their  appearance  by  reflected  light  when  mounted  in  Canada 
balsam,  or  seen  as  thin  sections,  is  milk-white,  whereas  sand  is  clear 
and  transparent. 

5.  Some  of  them  are  filled  with  calcareous  spar,  which  is  also  di- 
stinct in  its  characters  from  rounded  grains  of  any  kind  of  calcareoiu 
■nbstance  likely  to  occur  in  such  a  situation  ;  but  precisely  the  same 
as  the  agatized  ones,  except  in  chemical  constitution. 

I  have  had  it  suggested  to  nie,  that  they  might  have  been  calca- 
reous concretions,  similar  to  the  ovum-hke  concretions  of  oolite,  sub- 
scquentlv  converted  into  agate.  They,  however,  do  not  ap|>ear  to  me 
to  have  been  such,  because — 

1 .  They  are  not  of  the  form  of  the  ova  of  oolite,  being  too  reni- 
form. 

2.  Although  some  are  more  entirely  calcareous,  they  do  not  ex- 
hibit the  slightest  trace  of  concretionary  stmcture,  but  are  filled  with 
calcareous  spar  in  tbe  same  maimer  ^  the  chambers  of  the  ammo- 
nites which  arc  found  in  this  rook. 

3.  They  are  quite  distinct  from  the  genuine  concretions  which 
may  be  seen  in  slict-s  of  the  »tone. 

At  first  I  thought  that  they  might  have  l)een  globular  siliceous 
•piculie  of  sponges,  but  aAer  finding  some  which  were  filled  with 
calcarrout  spar,  I  abamloned  the  idea ;  for  it  docs  not  appear  to  me 
at  all  likely  that  the  siliceous  matter  could  have  been  removed,  and 
its  place  occupied  by  calcareous  spar. 

It  being  of  course  a  matter  uf  much  interest  to  learn  whether  they 
originally  poaarased  shells  or  no,  I  made  a  thin  slice  of  one  of  the 
ammuuiies  which  occur  in  the  rock  having  its  chambers  filled  with 
calcareous  spar,  and  by  cxnmining  it  by  polarized  light,  I  found 
that  where  no  impurity  liad  euternl  there  was  no  trace  whatever  of 
the  »heU  di»co» erable,  the  whole  of  it  having  its  crystalline  luirticles 
arranp-d  in  the  same  direction  as  the  calcareous  )ipar  in  the  Ulterior. 
Vlirre,  however,  there  was  muddy  impurity  in  the  interior,  the  shell 
coidd  readily  be  distinguished.  Moreover,  by  examining  the  ani- 
monitea  which  are  agatiied,  I  found  tliat  the  exterior  shell  was  very 
frc(|nmlly  diatiiigiiiiiiable  from  the  infiltncd  agate  by  being  more 
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transparent ;  but  this  transparent  part  was  not  «o  thick  as  the  shell 
originally  was,  and  in  some  cases  did  not  occur  at  nil.  The  septa, 
however,  being  much  thinner  than  the  exterior  shell,  could  not  be 
detected  in  the  agate.  These  facts  therefore  show,  that  though  we 
cannot  detect  any  trace  of  shell  in  the  reniform  bodies  which  are 
filled  with  agate  or  calcareous  sjiar,  we  are  not  warranted  to  conclude 
that  it  did  not  at  one  time  exist.  On  this  account  I  very  carefully 
examined  a  thin  section  of  considerable  size,  in  order  to  ascertain 
whether  there  existed  indications  of  any  of  these  bodies  having  been 
burst  iu,  and  whether  the  arrangement  of  the  impurities  introduced 
by  that  means  afforded  evidence  of  the  former  existence  of  a  shell. 

Although  such  cases  are  rare,  yet  I  have  found  some  which  unt|ues- 
tionably  proved  that  they  had  been  broken,  and  from  the  manner  in 
which  ihe  impurities  occur,  1  think  that  the  existence  of  a  shell  is 
rendered  very  probable.  In  one  instance  the  section  of  an  agatized 
reniform  body  showed  that  it  had  been  ruptured  at  one  end,  and 
the  impurities  introduced  by  that  means  into  the  interior  are  col- 
lected in  such  a  manner  as  clearly  to  indicate  the  existence  of  a  shell ; 
a  distinct  uniform  line  or  space  of  clear  agate  occurring  between  the 
outer  boundary  of  the  reniform  body  and  the  extraneous  granular 
matter  that  partially  occupies  it^  interior.  In  another  instance,  a 
section  of  a  calcareous  body  exhibits  a  thin  layer  of  fine  granular 
matter  following  the  curvature  of  the  inner  surface  of  the  reniform 
body,  and  lying  within,  and  at  a  slight  uniform  distance  from  its 
outer  boundary ;  whilst  a  straight  elongated  fragment  Ues  within, 
and  rests  its  ends  against  the  line  of  granular  matter.  Hence  it 
appears  that  both  the  finer  matter  and  the  larger  extraneous  frag- 
ment rested  originally  on  the  inner  surface  of  a  shell  that  has  since 
been  removed.  The  thickness  of  the  shell  shown  by  both  these  spe- 
cimens was  about  -j-j's^th  of  an  inch,  which  is  so  thin,  that  we  could 
not  expect  to  find  any  trace  of  it  in  the  agate,  when  the  septa  of  the 
ammonites  arc  obliterated.  These  facts,  I  think,  indicate  that  these 
bodies  were  small  shells,  whose  interiors  have  been  tilled  witli  calca- 
reous or  siliceous  infiltrations,  in  the  same  manner  as  the  chftuibcrs 
of  the  ammonites  which  are  found  in  the  rock.  Nevertheless,  I  will 
not  insist  on  this  view,  for  I  have  found  cases  where  the  inj|>urities 
were  not  arranged  as  though  there  had  been  a  shell ;  but  on  the 
whole,  I  should  say,  that  there  is  better  reason  for  thinking  them 
to  have  been  shells  than  any  otiier  bodies  with  which  I  am  ac- 
quainted. If  really  shells,  they  may  perhaps  have  been  Foramint- 
fera,  altho\igh  I  have  not  beeu  able  to  detect  any  internal  divisions 
into  chambers,  nor  anything  to  indicate  that  they  are  detached  fora- 
miniferous  cells,  such  as  are  sometimes  met  with. 

Besides  the  reniform  bodies,  we  find  in  the  matter  left  undissolved 
by  acid  several  other  minute  agatized  organic  bodies,  which  it  may, 
perhaps,  be  as  well  to  describe.  There  occur  minute  cellular  bodies 
(zoopn\-tes  ?),  formed  of  more  or  less  oval,  open  cells,  concave  on  one 
side  and  convex  on  the  other,  placed  end  to  end,  and  commimicating 
at  the  extremities,  in  a  similar  manner  to  what  is  seen  in  the  section 

,  Nodotaria.     The  cells  are  frequently  irregular  and  vary  much 
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form  ;   two 


being  often  placed  side  by  side ;  and 


more  rows 
single  rows  of  cells  frequently  branch  ott  Irom  the  main  body. 

Numerous  spicols  of  sponges  are  also  found,  the  most  common  of 
which  are  simple,  smooth,  and  pointed  at  each  end.  Other*  Are 
bulbed  at  cue  end,  and  pointed  at  the  other ;  sometimes  of  con- 
siderable length,  but  usually  broken.  I  have  also  found  one  much 
branched,  quadriiid,  with  two  or  more  of  the  extremities  bifid. 

In  some  sections  I  have  observed  fragments  of  a  brown  colour,  ap- 
parently vegetable,  oiid  having  a  similar  structure  to  ]>ortions  oiAlga. 


2,  On /^e  Porphyry  o/Belciitm.     By  Professor  Delkssx,^ 
Engineer  of  Mines,  &c. 

[Commanicateil  by  the  President.] 

The  constituent  feldspath  of  this  porphyrj-  occurs  in  mackled  and 
finely  striated  crystals,  and  necessarily  belongs  to  the  sixth  system. 
The  colour  of  these  crystals  is  white,  or  slightly  greenish  white,  with 
a  glassy  lustre  ;  and  when  of  a  yellow  greenisli  colour,  with  a  fattj 
lustre.  As  the  hardness  of  the  latter  is  much  less  than  that  of  the 
white  crv'stals,  it  is  probable  that  they  have  been  altered  by  infiltra- 
tion and  by  pseudoniorphosis.  When  nf  a  red  colour,  the  rubt-faction 
has  been  produced  by  atmospheric  action. 

I  have  analysed  the  cnk'stals  of  a  slightly  greenish  white  tint,  and 
tolerably  pure  specimens,  from  the  quarries  of  Qucnnst.  They  wer« 
eas.ily  separated  from  the  somewhat  Jarkisli  green  matrix,  the  latter 
coDtaiuiiig  some  graiuji  of  quartz.     They  contain — 


Silica   . 

. .      6370 

Alumina 

22-64 

Oxide  of  iron 

0-53 

Oxide  of  itiaiiganeM 

traces. 

Magtu-sia 

\'i<i 

Lime 

1-44 

Soda 

619 

Potass 

■Jit  I 

Losa  by  fire 

1  -ii 

99-69 

The  oolutitnrat  feldspath,  therefore,  of  this  porphyry  is  oligoeltM. 
Tliis  nli|;of.laJic,  a«  in  alt  }K)rphyriea,  ia  Mattered  through  a  feld- 
siiathic  uncrv'StalUnr  {laste,  the  residue  of  crystallization,  and  in  which 
•Lk>  are  found  all  the  t>ub»tanres  tluit  are  cimtained  in  the  feldspath, 
but  iu  sonirwhat  different  proiHjrtiuns.  I  will  designate  it  by  the 
name  of  frUlrfiatkic  jmttr.  Tiie  green  colour  of  this  paste  shows 
tliat  it  is  riciirr  in  oxide  of  iron  and  magnesia  than  the  fel(L«i>ath,  and 
this  is  probably  to  be  attributed  to  a  pseudomorphose,  which  would 
t«nd  to  inuufonn  certain  portions  ;  inneeil,  if  the  dark  green  portion 
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be  examined  with  a  microscope,  it  is  Been  to  be  formed  of  small 
agglomerated  spangles  of  a  blackish  green  colour,  which  line  the 
spaces  left  between  the  crystals  of  feldspath,  as  well  as  the  irregidar- 
Bhaped  cavities  in  the  rock.  These  spangles  are  microscopic,  and  at 
first  sight  it  is  difficult  to  determine  to  what  mineral  they  truly  be- 
long ;  but,  having  extracted  some  decigrammes  of  the  dark  green 
portions  from  a  fragment  of  the  Queuast  porjihyrj',  I  found  that 
their  loss  by  tire  was  5-29.  As  we  find,  by  microscojiic  examination, 
that  these  spangles  are  only  mixed  with  feldspath,  which,  however, 
is  found  in  them  in  a  tolerably  great  proj)ortion,  it  resiilta  therefrom 
that  their  loss  by  fire  is  still  considerably  superior  to  the  proportion 
obtained  by  previous  experiments  made  on  the  impure  matter,  and 
consequently  these  sjianples  are  neither  mica  nor  talc,  as  is  admitted 
by  many  geologists.  With  M.  Dumont,  1  consider  these  spangles, 
wliich  are  very  soft,  to  be  a  variety  of  chlorite,  which  from  its  green 
colour,  sometimes  passing  into  black,  is  rich  in  oxide  of  iron,  and  in  com- 
position ought  to  closely  resemble  ferruginous  chlorite  *  and  ripidoiith. 
Its  matrix  presents,  moreover,  the  greatest  analogy  with  that  of  the 
two  varieties  of  chlorite  developed  in  tlie  cells  of  melaphyres  and 
volcanic  rocks,  or  in  the  cavities  of  protogines  and  talcv  rocks. 

Quartz  is  very  frequently  met  with  in  the  paste  of  this  porphyry. 
M.  Drapiert  has  observed  it  in  dihexai-dral  crystals  as  well  as  in  red 
qnartzose  porphyry.  This  poq)hyry,  liowever,  does  not  always  contain 
quartz,  and  according  to  M.  Dumont,  this  is  particularly  the  case 
with  the  variety  he  discovered  at  Hosemont ;  consequently,  when 
the  crystallization  of  the  rock  took  place,  there  remained  but  a  small 
omouut  of  silex,  and  even  this  was  not  the  case  in  all  its  parts. 

In  some  samples,  either  in  those  of  a  light  colour,  or  in  those  of  a 
deep  and  unifonn  colour,  there  arc  sometimes  observed  flakes  of  am- 
phibolc  and  of  green  hornblende  which  are  some  millemetres  long. 

Like  most  porphyries,  the  poqthyr)'  under  consideration  contains, 
mixed  up  in  its  paste,  carbonate  of  lime  and  carbonate  of  iron ;  iron 
pyrites  is  also  present  J  ;  in  the  Lcssines  por{)hyry  there  is  also  eopper 
pyrites,  sometimes  crystallized,  sometimes  amorphous,  in  nodules  of 
the  size  of  a  small  nut ;  and  green  carbonate  of  eopper,  wliich  is 
either  in  small  veins  in  the  porj)hyry,  or  dissenunated  in  an  earthy 
state  in  decomposed  varieties,  which  {)as8  into  a  state  of  clay. 

Finally,  there  is  found  in  it,  as  in  all  porphyries  having  a  feldspath 
of  the  sixth  system  for  a  base,  small  streaks  or  veins  formed  of  liyaline 
quartz,  sometimes  smoke-coloured,  of  green  epidote,  and  of  white 
spathoiae  carbonate  of  Ume  ;  and,  moreover,  in  the  porphyry  of  Les- 
smes  violet  axinite  occurs,  presenting  the  forms  "  equivalente  "  and 
"  sous-double  "  of  Haiiy. 

The  epidote  is  here  much  more  abundant  than  is  general  in  por- 
phyries ;  in  the  variety  from  Quenast,  for  instance,  it  forms  a  very  great 
number  of  small  deposits  disseminated  partly  in  the  paste,  partly  in 

*  Annnles  des  Mines,  ^me  s^rie,  t.  xii.  p.  223. 

t  M^moire  couronne  par  rAcademie  de  Bnixellea,  t.  111.    Coupd'csil  minera. 
Ingiqne  aur  le  Haiuault,  par  M.  Drapier,  p.  18  et  tuivantea. 
t  Coup  d'ccil  sur  la  Geologic  de  la  Belgique,  par  d'Omoliai  d'Ualloy,  p.  25. 
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the  feldspath  ;  its  crystals  are  microscopic,  and  far  from  clear  ;  it  has 
a  yellow  straw-colour  very  slightly  greenish.  Sometimes  it  is  de- 
veloped in  a  crystal  of  oligoclase,  the  form  of  which  it  preserves, 
taking  a  yellonish  colour  and  a  granular  crystalline  structure. 

1  have  found  that  poqihyry  loses  entirely  its  green  colour  when 
treated  with  boiling  hydrochloric  acid,  before  or  alter  calcination  ;  it 
is  therefore  impossible  to  attribute  this  green  colour  to  amphibole. 
This  results  also  from  what  has  been  said  above. 

I  have  ascertained  the  loss  by  fire  of  some  samples  to  be — 


Porphjrnr,  blarkith  p-een  with  cryxali  of  whitish  oligoclase  and  n  little ' 
quartz — of  Belgium   

Porphyrr,  a  grecniib  feldipathic  paste,  with  cryttals  of  oligocUte,  chlo- 
rite, quart?,  and  imall  deposiu  of  cpidote— of  Queoast , 

Porp)i}T>',  a  reddiiili  feldspathic  paite,  coDtaininf  cryttali  of  oligoclasc,' 
deposits  of  clilnrile  forming  fnen  spoil,  grains  of  quartz,  and  small 
deposits  of  epidote — of  Queuast    

Porphyry,  a  bluish  green  feldspat  hie  paste,  with  crystals  of  greenish  white 
oligoclase— of  Lesaiaea 


1-8& 

210 
5-41 


It  appears  that  the  loss  by  fire  in  the  case  of  the  porphyrv  is  gene- 
rally somewhat  greater  than  that  of  the  feldspath  wliich  torms  tlie 
basis ;  this,  as  might  be  expected,  is  on  account  of  tlte  mixture 
of  the  chlorite  ;  sometimes,  however,  as  with  the  jiorphyry  of  Leasines 
(see  above),  the  loss  by  fire  surpasses  that  of  the  feldspath  (see  p.  6) 
by  some  hundredth  ptirts,  whicn  must  be  attributed  to  the  presence 
of  a  carbonate. 

I  have  cx[ierimented,  with  the  view  of  fixing  approximatively  the 
mean  composition  of  the  mass  of  the  rock,  on  a  samjtle  coming  from 
Uie  first  quarry  of  Lessines.  It  had  a  deep  green  paste  in  which 
chlorite  was  disseminated ;  its  crj-stals  of  greenish  white  oUgocIaae 
were  easily  detached.  A  gramme  of  the  sample,  calcined  and  pul- 
vcriied,  was  submitted  to  hydrochloric  acid  for  twelve  honrs  in  order 
to  ascertain  the  proportion  dissolved  in  the  acid ;  and  I  obtained  ■ 
greyish  or  nearly  colourless  residue,  its  weight  being  "5  per  cent,  of 
that  of  the  sample  operates!  iip<m.  A  fourth  part  of  the  rock  had 
been  dissolved,  and  1  found  that  the  oligoclase  had  been  partially  at- 
tacked, for  Uie  solutiim  contained  nonie  centigrammes  of  alkalies.  Aa 
to  the  undissolved  residue,  il  was  formed  of  18-JU  of  silica,  se|iarable 
by  solution  in  potass,  and  of  .'tfi'TiO  of  entirely  unaltered  substance*. 
The  oligoclase  of  the  porphyries  being  affected  by  hydrochloric 
acid,  it  is  seen  that  the  mixed  carbonates  cannot  be  exactly  deter- 
mined by  the  proportion  of  the  bases  which  are  dissolved  in  this  add. 
even  when  the  rock  has  for  basb  a  feldspath  rich  in  silex  Uke  the 
ohgorlasr. 

The  sample  of  the  porjihyry  of  Lesaines  contained,  mopcover : — 

Silica 

Alumina  and  peroxide  of  iron  . . 

I.tmc ....        

Magnesia  aitd  alkaliee     

M'ater  and  carbonic  add 

10000 


37-60 

2J00 

3-23 

9-92 

A2i 

This  porphyry  is  but  ])oor  with  respect  to  silica,  and  specially  in- 
ferior to  the  oUgoclase  which  had  been  previously  analysed  :  this  is 
accounted  for  by  the  presence  of  the  chlorite  and  carbonates ;  besides 
which,  the  sample  contained  no  quartz. 

It  is  clear  that  the  proportion  of  oxide  of  iron,  of  magnesia,  and 
of  lime,  as  well  as  the  loss  by  calcination,  must  be  more  considerable 
than  in  feldspath,  whilst  that  of  alkalies  is,  on  the  contrary,  less. 

Although  the  porphyrj'  of  Belgium  contains  quartz,  its  proportion 
of  silica  is  very  notably  smaller  than  that  of  quartzosc  porphyry  pro- 
perly so-called,  which  is  rarely  inlerior  to  70  per  cent. ;  it  has  a 
basis  of  oUgoclase  and  contains  no  orthose,  which,  on  the  contrary,  ia 
the  predominating  feldspath  of  the  latter ;  consequently  tliese  two 
rocks  diflFer  in  a  very  important  mineralogical  character. 

The  porphyry  of  Belgium,  which  has  just  been  described,  is  met 
with  over  a  small  extent  on  some  isolated  points  ;  particularly  in  some 
slaty  districts.  At  Quenast  it  forms  a  small  hill  surrounded  by  slaty 
schists,  in  contact  with  which  the  porphyry  becomes  laminated.  At 
Lessines,  on  the  contrary,  it  divides  into  prisms. 

The  geological  map  of  M.  Dumont,  accompanying  the  work  of 
M.  d'Omalius  d'Halloy  on  the  Geology  of  Belgium,  indicates  the 
localities  where  this  porphyry  has  been  recognised  ;  besides  Lessines 
and  Quenast,  there  might  be  cited  some  other  points  between  Enghein 
and  Xivelles,  Pitrel  on  the  Metragne,  Ilozemont  west  of  Li^ge,  Uen- 
nurjercs  south  of  Audimont,  &c. 

This  porphyry  is  susceptible  of  being  decomposed  by  the  kaoUai- 
zation  of  its  feld.'spath,  and  this  is  particularly  observed  in  its  upper 
parts  exposed  to  atmospheric  action  ;  ultimately  it  is  transformed  into 
A  coloured  kaoliue,  and  a  yellowish  brown  hydro-oxide  of  iron,  in 
which  some  grains  only  of  quartz  remaui. 

This  porphyry,  which  is  employed  for  paWng,  is  worked  in  exten- 
aive  quarries  ;  trom  which  are  obtained  the  paving-stoues  used  in 
Brabant,  in  Flanders,  and  in  the  greater  part  of  Belgium,  as  well  as 
in  Holland.  During  the  last  few  years  it  has  had  to  compete  with 
the  brown  freestone  of  Fontaiuebleau.  It  furnishes  pavements  of  in- 
definite hardness,  never  becoming  friable  hke  the  brown  freestone ; 
they  have,  however,  the  great  inconvenience  of  becoming,  when  worn 
smooth,  too  shppery  for  horses. 


On  the  Rose-coloured  Syenite  of  Egypt. 
By  Prof.  Delesse,  Engineer  of  Mines. 

[Commuuicated  bjr  the  Pretiilent,] 


The  rose-coloured  syenite  of  Egypt  is  formed  of  quartz,  orlhote, 
oUgoclase,  mica,  and  frequently  also  ol'  hornblende* . 

The  quarte  is  hyalbc  and  grey  ;  it  has  sometimes  a  slight  violet 

*  See  also  Lieut.  Newbold  oa  the  Geology  of  EgTpti  Quart.  Joum.  Geol.  Soe. 
1848,  vol.  iv.  p.  310. 
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or  smoky  tint,  arising,  as  in  the  quartz  of  protogine,  from  the  pre- 
sence of  a  small  (junnlitv  of  organic  matter. 

The  orlho»e  is  of  a  6ne  rose-colour,  red,  or  pale  red,  and  reminds 
one  of  that  of  the  orthose  of  the  syenite  of  the  Vosges,  which,  how- 
ever, is  of  a  much  livclit-r  colour  ;  it  is  in  crystals  of  some  centimetre* 
in  size,  which  are  macklcd  like  the  orthose  of  granite  rocks :  this  is 
t}ie  most  ohvious,  and  fre(|nciitlv  the  predominating  mineral  of  the 
rock,  giving  to  it  its  gcncrsil  n-dJish  hue.  Its  density  is  2"  j68.  By 
calciniilion  it  loses  only  U'35  :  this  loss  is  very  shght,  and  such  as 
generally  takes  jilace  with  orthose. 

Iq  a  state  of  decomnosition  it  sometimes  takes  a  brownish  colonr, 
owing  to  the  release  ot  the  small  portion  of  oxide  of  uuingauese  held 
in  combination. 

The  feld.Kpnth  of  the  sixth  system  has  not  the  fatty  lustre  of 
that  of  the  syenite  of  the  Vosges,  and  it  seems  to  me  it  ought  to 
be  regarded  as  olit/oilate  ;  it  is  most  frequently  white  ;  sometimea, 
however,  it  l)ocomes  yellowish,  or  even  greenish,  as  is  for  instance  ob- 
served in  some  specimens  from  Syeue,  and  in  which  it  is  Tery  abui>- 
dant,  even  more  abundant  than  the  orthose. 

The  mica,  rich  in  magnesia  and  iron,  oecurs  in  bright  spangle*, 
often  black,  bnt  according  to  De  Rozicre,  sometimes  brown  or  green. 
When  black,  their  colour  resembles  that  of  the  hornblende,  which  is 
often  nsvii'iiited  with  the  mica. 

There  i»  often  prcM'iit  iron  pyritei,  and,  as  in  all  amphibolou 
granitON,  a  little  oxidnlatcd  iron. 

Oi'cnsiomvllv  also,  but  ven'  seldom,  i/arnrt  occurs  ;  it  is  of  a  tar- 
nished brown  colour,  and  crystallized  in  tiie  form  of  the  rhomboidal 
doJreahrdron. 

1  have  determined,  by  the  process  described  in  the  Annals  of 
Mines  (-1th  S.  vol.  xiii.  p.  379),  the  proportions  in  bulk  of  the  differ- 
ent minerals  contained  in  a  polished  specimen  of  the  rock,  and  hare 
obtained  :— 

Red  orthose    43 

(irey  quartz 44 

White  oligoclase 9 

Black  niie« 4 

TW»  specimen,  wliich  was  Tery  rich  in  quarts,  did  not  seem  to  me 
to  contain  honddende  ;  there  was  also  li-ss  orthose  prc»<'nt,  and  par- 
lieidarly  1p«s  mien  than  might  ha»e  been  l)elinc(i  on  in»]>ection. 
This  optical  illusion  is  very  general,  and  is  to  be  ascnbed  to  the  cir- 
cumiitance  that  mincraU  which  have  Uvely  and  bright  colours  likt 
orthose,  and  particularly  mica,  strike  the  eye  much  more  forcibly 
than  quortz,  which  has  a  grey  and  soniewhnt  tanii*hr<l  i'<dour. 

I  have  alxo  analvw-d  the  syenite  ot   '  r  which  I  pulverized  • 

large  piece,  obtained  from  the  llgypli  .\i\  in  the  Louvre,  and 

platx-d  at  mr  diqiOMl  br  M.  Dubois,  one  oi  tlte  conservators.  It 
presented  tlie  gcoMsl  chanictera  which  have  ju«t  been  describe<l, 
only  that  some  amphi>x>le  wma  obserred  in  it ;  I  found  it  to  con- 
tain :  — 
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Silex 7025 

Aluinins 16'00 

Oxide  of  iron  with  maiigunese  .  .  .  2'50 

Lime    1  60 

Alkalies  and  magnesia  (diff.)  ....  900 

Loss  by  fire O'GS 

10000 

When  the  composition  of  this  Egyptian  syenite  is  compared  with 
that  of  the  syenite  of  the  Ballous  of  the  Vosges,  it  is  found  to  ap- 
proach that  of  the  latter*.  Its  proportion  of  silex,  which  is  70  per  cent., 
is  indeed  the  same.  I  have  already  had  occasion  to  observe,  that  a 
syenite  always  containing  hornblende,  like  that  of  the  Ballons,  may 
uiford  upwards  of  30  per  cent,  of  quartz,  and  that  its  mean  richness 
in  silex  may  be  equal  to  that  of  many  granites  :  this  shows  then,  that 
quartz  is  not  always,  as  certain  geologists  seem  to  believe,  merely  an 
accessory  and  unimportant  element  of  certain  syenites  well-character- 
ized, like  those  of  the  fiallons.  As  to  the  |)roportion  of  alumina  in 
the  syenite  of  Egypt,  it  is  shown  by  the  previous  experiment  to  be 
tolerably  great,  for  it  is  only  inferior  by  some  hundredth  parts  to  that 
of  orthose  ;  and  this  is  accounted  for  by  the  abuudauce  of  the  two 
feldspaths  in  the  analysed  specimen. 

Tlie  proportion  of  iron  must  be  particularly  attributed  to  the  mica 
and  hornblende,  both  of  which  are  rich  in  iron. 

The  proportion  of  lime,  which  is  sufficiently  great  for  a  granite,  is 
on  the  contrarj'  very  feeble  for  a  syenite ;  it  is  also  less  than  that  of 
the  syenite  of  the  Bnlluns,  which  is  about  3  per  cent.  :  this  results 
from  the  presence  of  the  oligoclase  and  of  son>c  hornblende. 

In  short,  the  mean  chemical  composition  of  the  syenite  of  Egypt 
does  not  sensibly  differ  from  that  found  for  various  grimites  ;  and  in- 
deed, as  I  showed  at  the  beginning,  it  nearly  always  contains  much 
quartz.  It  may  then  be  regarded  as  an  amphibolous  granite,  or  as  a 
rock  forming  a  passage  from  the  family  o( yranitf  to  that  oi  syenite. 

From  the  interesting  researches  of  Messrs.  Russepgerf  and  New- 
boldj  on  the  Geology  of  Egy))t,it  results  that  the  granite  rocks  occupy 
but  a  very  small  extent ;  they  show  themselves  particularly  at  the 
cataract  near  Syene,  and  in  the  desert  where  the)'  se[iarate  the  Nile 
from  the  Red  Sea,  in  the  latitude  of  Koseir,  about  26°  N. 

The  syenite  in  particular  is  found  half  a  league  north  of  Syene, 
and  according  to  Russegger,  it  extends  a  good  deal  to  the  south  of  the 
catArnct  and  the  island  of  Phila;  into  Nubia ;  and  it  is  found  at  Ele- 
phantine and  the  inten'ening  islands.  From  the  collection  of  Lefevre 
It  appears  also  to  have  been  met  with  in  the  Djebel  Gareb  and  Djebel 
Elzede  (mountain  of  oil),  between  Koseir  and  Suez. 

The  syenite  geuerully  disai)])ears  under  a  brown  freestone,  which 
according  to  M.  Russegger  is  again  found  with  the  same  characters 
in  Upper  Egypt,  in  Nubia,  and  in  Sinai.     This  freestone  appears  to 


•  Set  Annals  at  Mines,  4th  Ser.  vol.  xiii.  pp.  688  and  693. 
t  RuBsegger,  Rciscn  in  Europa,  Aeien,  und  Afrika,  u.  ■,  w. 
X  loe.  ri/. 


Stuttgart,  8vo. 
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belong  to  the  lower  part  of  the  cretnceoua  formation,  or  the  Qiiader- 
sandstcin  :  near  Fatireh  it  is  co?ered  with  a  white  earthy  chalk, 
having  a  somewhat  couchoidal  fracture,  that  reposes  on  it  in  oon> 
forinable  and  horizontal  strata. 

The  quarries  in  which  the  ancients  worked  the  syenite  have  been 
observea  by  all  travellers  who  have  visited  Epypt ;  they  are  princi- 
polly  south  of  Syene,  and  between  Syene  and  tiie  island  of  Philc 
Tl»e  detached  blocks  of  the  syenite,  near  the  cataract,  are  sometime* 
of  n  spheroidnl  fomi,  and  are  wpnrnble  into  concentric  lavers  ;  ac- 
cording to  Lieut.  Newbuld,  liowoer,  the  dry  and  hot  climate  of 
Egypt  preserved  the  granite  rocks  mncli  more  from  decomposition 
thnn  the  dimntc  of  India. 

M.  Uusscgp-r  remarks,  that  near  the  cataract,  the  blocks  found  in 
the  river,  or  at  n  sinnll  distance  from  it,  are  covered  with  a  very  thin 
and  brilliant  sulivtani-e  re.ieniblin);  bbu'k  pitch.  This  coating,  so 
strongly  united  with  the  riK'k  as  to  W  quite  uueparable,  is  conaidered 
by  M.  Russcgger  to  be  oxidiilatcd  iron*. 

Messrs.  lliKscpgcr  and  Lctcvrc  were  struck  by  the  fart,  to  which 
they  frequrntly  atllcrwnrds  alluded,  that  the  syenite  of  Egypt  is  tra- 
versed by  a  multitude  of  large  veins  of  diorite,  which  in  particularly 
the  case  along  the  cataract,  near  Thilse,  in  the  neighbourhood  of 
Syene,  &c.;  tlirsc  diorite  veins  are  however  well  known,  for  they  alao 
were  worked  by  the  Egvptiansf. 

I'hu  as54H-iation  of  syenite  and  diorite  is  not  accidental ;  and  I  hare 
made  similar  observations  on  all  the  syenites  that  I  have  studied  in 
titu.  Indeed  I  could  almoat  always  find  that  they  were  associated 
with  dioritcs.  Thus,  at  the  Vosges  especially,  the  syenite  of  the 
Ballons  is  accompanied  bv  diorites,  which  are  sometimes  at  the  bottom, 
tometimes  on  the  sides  of  the  Ballous  of  Alsace  and  Conte,  forming 
cither  veins,  fairly  separated  from  the  syenite  and  enclosed  by  it,  or 
dykes  uniting  with  and  insensibly  passing  into  the  syenite. 

It  would  hence  apjK-ar,  that  the  development  of  amphibole  in 
the  syenite  is  in  intiiitate  rrlalion  with  the  contents  of  the  veins  of 
diorite  euilused  iherctu,  and  subsequently  utctaniorphosed  into  am- 
phibole, 

It  is,  however,  antmary  to  add,  that  if  the  syenite  be  generally 
ansociuted  with  diorite,  the  contrary  b  not  always  the  case;  also,  if 
a  diorite  form  a  vein  in  a  granite,  it  must  not  thence  be  concluded 
that  crystals  of  amphibole  bail  lieen  therein  develn[>cd  by  that  cir- 
cumstance alone,  and  that  such  granite  had  been  metamorphosed  into 
■yrnite  :  at  the  \'osges,  for  instance,  the  granite  is  sometimes  tra- 
renml  bv  veins  of  diorites  and  yet  is  not  amphibolous. 

The  Kgypliaiis  uuule  great  use  of  syenite  ;  subsequently  it  was 
worked  by  the  Urecks,  and  after  that  by  the  Romans.  The  syenite 
of  KgT]>t  is  still  sometimes  employed  instead  of  marble,  and  its  price 
may  W  approximately  e«timated  at  200  francs  per  square  metre  po- 
lished ;  it  u  brought  a.i  ballast  by  vessels  trading  with  .Alexandria,  and 
ia  dniguatcd  in  cominerce  by  the  name  of  the  Eattem  Red  Granite X. 

■  WiBS<uil.  vdL  ti.  p.  S'il.  t  Ibid.  ToL  U.  p.  320,  3'i2,  326,  Ae. 

t  BrarlMMnlafWappllqu^  >ax  Aru,  t.  U.  p.  21 1. 
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Great  quantities  of  fragtnents  of  syenite  are  found  in  the  ruins  of 
all  the  ancient  towns  of  Egj-pt ;  and  the  imagination  is  really  tasked 
when  thinking  of  the  difficulties  presented  in  the  cutting,  polishing,  and 
transporting  of  so  many  gigantic  monuments.  The  most  celebrated 
of  these  ruins  are,  according  to  I)e  Roziere,  those  of  the  isles  of 
Philae  and  Elephantine,  those  of  Thebes,  Luxor,  Ileliopolis,  and  espe- 
cially of  Alexandria  ;  and  although  the  syenite  was  extracted  in  the 
country  surrounding  Syene,  yet  the  fragments  are  more  and  more 
abundant  the  further  we  descend  the  Nile  towards  the  north ;  which 
is  to  be  ascribed,  as  M.  de  Roziere  has  shown,  to  the  fact  that  the 
seats  of  government  successively  approached  the  Mediterranean,  and 
that  the  requisite  material  for  the  numerous  sacred  and  palatial  struc- 
tures was  wanting  in  that  northern  region  of  Egypt  which  is  essen- 
tially calcareous  and  gravelly. 

The  syenite  was  of  all  rocks  the  one  preferred  by  the  Egyptians, 
and  they  employed  it  for  the  construction  of  their  most  remarkable 
monuments  ;  of  these  monuments  there  might  be  cited  the  obelisks, 
the  sphinxes,  the  sarcophagi  found  in  all  parts  of  Egj'pt,  Pompey's 
Pillar  and  Cleopatra's  Needles,  at  Alexandria,  both  the  inside  and  out- 
side of  the  great  pyramid  of  Cheops,  and  particularly  the  monolith 
sanctuary  of  Sais.  At  Paris  may  be  seen  one  of  the  Luxor  obelisks, 
and  in  the  Egyptian  Museum  at  the  Louvre,  the  feet  and  head  of  a 
colossal  statue  of  Amenophis  IH.,  as  well  as  a  great  number  of 
sculptures,  which  under  the  ever-pure  sky  of  Egypt,  for  the  greater 
part  have  not  suffered  any  alteration,  even  perfectly  preserving  their 
polish,  for  nearly  4000  years. 
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.  The  Slaty  Rocks  0/  the  Sichon,  or  Norlhem  end  of  the  Chain 
of  ihe  FoREZ  in  Central  France,  ahitwn  to  be  o/"Carbonife- 
Rovs  Ace.  By  Sir  Roderick  Impey  Miirchison,  G.C.St.S., 
P.R.S.,  G.S.,  L'.S.,  lion.  Mem.  R.S.  Ed.,  R.I.Ac.,  Mem.  Imp.  Ac. 
Sc.  St.  Pet.,  Corr.  Mem.  Ac.  France,  Rerlin,  Turin,  &c.  &c. 

Long  as  the  tertiary  lacustrine  deposits  and  extinct  volcanos  of 
Central  France  have  been  esplored  «ud  described,  the  true  geological 
age  of  the  more  ancient  and  crystalline  rocks  which  form  the  margin 
of  that  remarkable  area  have  not  yet  been  adequately  developed.  The 
few  observations  I  was  enabled  to  make  last  summer,  when  a  visitor 
at  the  baths  of  Vichy,  and  of  which  1  now  give  an  account,  will  at 
all  events  be  sufficient  to  show  how  little  acquainted  we  have  hitherto 
been  with  the  age  of  the  rocks  that  constitute  the  eastern  boundary 
of  the  Limogiie  d'Auvergne.  .\t  the  same  time  let  me  do  justice  to 
the  author,  who  in  the  '  Menioires  pour  servir'  has  well  described 
the  miueral  structure  of  the  tract  to  which  1  invite  attention,  and  has 
laid  down  the  general  outline  on  the  geological  map  of  France*. 
The  same  district  has  also  been  specially  dwelt  upon  by  M.  Visqueuel, 

*  M.  Dufrenoy.    See  .Mem.  p.  servir,  vol.  i.  p.  260  et  $eq.,  and  Carte  Geol.  de 
la  France. 
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in  ihe  Bulletin  of  the  Fronch  Geolojjieal  Society  *.  But  near  as  it  ia 
to  the  niuch-frequentetl  baths  of  Vichy,  no  one  had  prcvioualy  dis- 
covered the  organic  remains  to  which  I  shall  presently  arlvert,  and 
which  enable  us  for  the  tirst  time  to  assign  the  old  rocks  in  question 
to  their  real  iilace  in  geological  history.  In  making  this  aiiuounce- 
ment  I  would  however  state,  that  organic  remains  are  so  scarce,  and 
the  rocks  containing  them  have  so  much  an  "azoic"  aspect,  that 
I  would  rather  attribute  uiy  discovery  of  fossils  to  a  happy  accident, 
than  pretend  to  throw  any  discredit  on  my  precursors. 

The  lacustrine  linicitonea  and  marls  of  the  Limagne  d'Auvergne 
are  prolonged  northward  by  Vichy  and  <'us3et  to  Billy,  on  the  right 
bank  of  the  AUier,  about  twenty-five  miles  south  of  Moulins,  where 
they  constitute  hills  of  some  hundred  feet  in  height,  the  horizontal 
strata  of  which  stand  out  to  the  low,  tlat,  and  younger  region  of  the 
Bonrl>onnais  and  Urleanais,  without  any  barrier  or  edge  whatever  of 
older  fonrmtions. 

In  the  bills  east  of  Vichy,  bowcrer,  and  nearCusset,  the  lacustrine 
limestone  is  flanked  by  schists  penetrated  by  porphyry  and  other  in- 
trusive rocks,  which  form  the  northernmost  extremity  of  the  chain 
called  the  Forei.  Both  these  classes  of  rock  arc  well  cvpos»^d  on  the 
banks  of  the  small  river  Sicbon,  above  Cutset,  where  llirir  nutlinet 
present  u  pietiires<ine  gorge  daily  fre<juented  by  parties  of  pleasure 
from  Vichy.  In  asi-endiug  the  Sicbon  from  Cutset,  the  first  promi- 
nent objects  are  bliitT  jwrphyrie*,  which  jut  out  through  the  verdant 
slope*  and  rise  nbovc  the  rich  and  tunbrageous  w,ilnut-trees  of  ihit 
pretty  sinuous  valley.  These  porjibyrics,  for  the  most  part  quartsi- 
feruus,  are  of  red,  pink,  and  dork  grey  colours.  In  some  of  them  the 
CTTStals  of  feN^iar  are  so  large  as  to  liken  them  to  the  Norwegian 
'  rhomb-porpbyr  ■  of  Von  Buch.  In  ports,  however,  the  porphyry 
paaaes  into  and  becomes  a  coarse-grained  greenstone,  which  u  largclj 
quarried,  and  in  other  places  into  a  couiuact  felspar  rock  or  clay- 
atone.  On  the  whole,  these  b<-)ss»-s  arc  void  of  anything  approachinit 
to  stratification,  and  arc  traversed  by  innumrrnble  cross  fractures  and 
fissures.  They  arc  indeed  manifestly  intrusive,  as  respects  the 
tchistO!^  slrnla  with  which  they  are  associated ;  for  in  nuniberlcM 
places  the  latter  are  seen  to  be  irregularly  broken  through  and  cut 
wp  into  wed  ^1  inas«rs  which  are  iMilntcd  in  porphyry. 

The  sclii  II  the  whole  a  direction  from  S.S.K.  to  N.N.W,} 

but  the  »trik.r  Li  viry  dcvinus,  owing  to  the  above- mentioned  intru- 
sion* :   whilst  the  slrxln  dip  a»   everv  po^-tl'K'  n!i'.;le  from  vertieality 

'  r  pahcoxoic  strntA 

\'V  ii;ni-ouij  enip- 

:  prove  to  be 

:   '.\  clravage, 

1  ersc  to 

'  ^' Hilts,  the 

:  Itv  ovule  of  iron,  occasion  the  stone  to 


ll 

tMiU.        U> 
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rhomb*.     In  such  a  nick — even  in 
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Viiqutael  »ar  lea  coviroiu  de  Vichjr.     BaU.  Soc.  G^l.  Tt.,  lit  ttr.  toL  iIt. 
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those  portions  of  it  where  the  scliists  are  less  shivery,  and  where  they 
were  formerly  quarried  for  (imperfect)  rooting  slates — it  seemed 
hopeless  to  search  for  fossils.  On  one  of  the  summits,  however, 
of  the  plateau  on  the  right  bank  of  the  Sichon,  and  about  two 
miles  to  the  south  of  the  spot  called  the  "  Crois  de  Justice,"  I  ob- 
served courses  of  an  earthy  yeUowwh  sandstone — not  unlike  some 
British  varieties  of  ])lutonic  ash  or  volcanic  grit — interlanunated  with 
Uie  schists,  in  which  I  detected  the  remains  of  Enerinilen.  This 
led  me  to  rc-exaiiiine  on  a  subsequent  occasion  the  schists  of  the 
Talloy  of  the  Sichon  removed  from  the  spots  where  they  are  most 
interfered  with  by  the  porphyries,  and  by  which  in  fact  they  have 
in  some  places  been  so  considerably  metamorphosed  as  to  part  with 
their  lamination  and  become  amor])hous.  On  the  right  bunk  of  the 
Stream,  to  the  south  of  the  abandoned  "  .\riloi'7iere,"  or  slate  quarry, 
I  further  perceived  highly  inclined  and  vertical  bands  of  pebbly  con- 
glomerate, subordinate  to  the  schist.  This  pudding-stone  coiitiiins 
dark  and  light  coloured,  small,  rounded  pebbles  of  schist,  quartu,  and 
a  little  limestone  in  a  grey  matrix,  and  might  well  pass  for  an  inter- 
calated conglomerate  of  the  Silurian  or  Devonian  systems. 

Taking  simply  into  consideration  the  mineral  structure  of  the  slaty 
schists,  their  purple  plum-coloured  exterior,  and  their  fracture,  com- 
bined with  the  aspect  of  the  sandstones,  grits,  and  congloineratc.t,  few 
geologists,  indeed,  would  hesitate  to  say  that  they  formed  jiart  of  what 
was  called  the  old  greywacke  series.  This  inference  might  be  further 
Biutained  by  two  courses  of  limestone  which  I  discovered,  the  one  of 
two  feet,  the  other  of  about  nine  feet  in  thickness  ;  this  rock  being 
hard,  of  scaly  fracture,  and  of  light  grey  or  bluish  colour. 

Not  far,  however,  from  these  calcareous  courses  I  procured  some 
foasiU,  after  a  long  search,  in  the  thin  layers  of  hall-rotten,  slightly 
ferruginous  schist.  These  having  been  subsequently  examined  at 
Paris  by  M.  de  Verneuil,  have  proved  to  be — 

Prociuctus  fimhriatus.  Sow.,  or  a  form  with  spines  on  the  trans- 
verse ribs  undistinguishablc  from  that  species. 

Chonetesi  pitpilionarea  !  PhiJl. 

Orthit  crcnistria,  Phill. 

Bivalve,  resembling  the  Pleurophorui  eoatatua.  King. 

Univalve  shells  in  fragments. 

Pkilliptia — I'.r.  the  pointed  buckler  and  cheek  of  this  trilobite. 

Eiicriiiitet  of  two  species. 

Now  (to  say  notlimg  of  the  carboniferous  forms  of  Chonetet  and 
Orthia)  as  no  spinnsc  Prodtivhii  like  the  P.  Jimbriiitus,  nor  any 
species  of  the  genus  Philtipsia,  have  ever  yet  been  found  in  the  Silu- 
rian or  Devonian  systems,  there  can  be  no  doubt  that  these  schists  of 
the  Sichon,  ancient  as  they  look,  and  as  indcfd  they  have  hitherto 
been  considered,  must  now  be  viewed  as  really  beh)nging  to  the  car- 
boniferous system ;  and  that  the  intrusive  porphyries  of  this  tract 
were  erupted  after  their  deposition. 

Having  thus  satisfied  myself  concerning  the  rocks  in  the  lower 
part  of  the  valley,  I  uext  sought  to  connect  them  with  the  higher 
elevations  of  the' chain  of  the  Forer  from  which  the  river  Sichon 
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descends.  ^MiiUt  on  a  A-isit  to  the  ancient  caatle  of  Buwet,  where  I 
was  hospitably  entertained  by  its  noble  possessor*,  I  found  that  the 
plateaux  on  both  banks  of  the  Sichon  were  penetrated  by  numerou« 
Dosses  of  trap  rock.  Porphyries  of  different  character,  some  of  them 
very  granitoid,  are  seen  in  contact  with  highly  jaspidified  and  altered 
schists.  In  the  whole  ascent  of  the  river  to  Ferrieres,  numerous 
minor  domes  of  porphyry  appear,  which  have  thrown  the  strata  into 
such  numberless  flexures,  anrl  have  so  dislocated  and  wrenched  tliem 
in  divergent  directions,  that  all  regularitr  of  strike  and  dip  is  obli- 
terated. To  search  in  such  a  district  for  any  order  of  furmatioDa 
was  impracticable ;  but  I  came  away  disposed  to  think,  that  the 
marble  limestone  (once  partially  worked)  at  Ferrieres  was  a  mere 
repetition  of  the  less  altered  calcareous  courses  near  the  Ardoisidre  of 
Cusset.  I  could  defect  no  marked  change  in  the  aspect  of  the  rocks, 
and  the  carbonaceous  black  schists  which  had  been  dug  into  in  search 
of  coal,  further  led  me  to  suppose,  that  the  same  formation  was  cun- 
tinned  into  the  higher  parts  of  the  Forez  by  repeated  undulations. 

An  excursion  along  the  western  edge  of  the  Forez  to  the  flourishing 
manufacturing  tovni  of  Thiers  confirmed  this  ^iew.  That  town  is  built 
on  a  steep  rocky  slope  facing  the  plain  of  the  great  Limagne  d'Auvergne, 
and  is  wateretl  by  a  rapid  torrent  which  descends  into  the  vallev  by  a 
picturesque,  deep  g^>rge.  There  again  we  have  (particularly  uncfer  the 
lofty  church  of  St.  Gcnr)  the  very  same  phtcnomena  that  occur  all 
along  the  banks  of  the  Sichnn,  thirty  miles  to  the  north.  At  Thiers, 
indeed,  the  fcutiirfs  are  grander.  Like  the  Scottish  varieties  of  por- 
pbyrr  of  Loch  Fyne,  and  other  places,  some  of  the  intrusive  rocks  of 
the  I^orei  may  ahnokt  be  termed  granites  ;  others  are  fine-grained  and 
pass  into  green.stone.  As  to  the  schists  which  they  penetrate,  it  ia 
impossible  to  distinguish  them  from  the  similarlv  broken  strata  of 
the  Sichon,  except  that,  if  possible,  these  of  Thiers  are  still  mora 
altered. 

I  further  endeavoured,  by  a  traverse  across  the  lacustrine  dep<^ 
sits  to  tiannat,  and  thence  by  Ebreuil.  to  the  beautiful  castle  of 
De  V'eaucef,  to  detect  if  posuible  something  of  organic  life  in  th« 
ancient  schists  (thrown  off  bv  the  granite)  which  form  the  western 
boundary  of  the  great  tn>ugK  of  the  Limagne  d'Auvergne.  But  I 
had  little  time  at  my  eomniand.  and  I  must  h-ave  to  other  obienreri 
the  credit  uf  delecting  foosiU,  if  such  there  be,  in  the  schists,  wlu-ther 
!'■     "  -  or  micaceous,  which  range  southwards  from  Ebreuil,  bjr 

I  \i\,  into  the  region  of  M.  Dor  nml  the  Cftntal.      I  satis- 

tiLii  iii\rtlt'.  however,  in  an  excursion  westwiinls,  that  many  of  the 
bc<N  ul  the  cuiU-Gi'ld  of  St.  Kl<iy,  near  Muutaigu,  are  made  up  out 
of  the  (U-tritUft  of  still  older  M?lii«ts  and  (heir  ijiuirtz  veins.  I  am 
unprepared  to  «ay  povitivrly  Mhcthi-r  this  coal  tract,  as  well  as  other 
nunieruiK  htlle  coal  drjKKit*  that  extend  along  the  wrstcni  side  of 
tlir  W.  D'T  info  the  ra;itn!  (.Tiul  wliirli  I  exiuniiipd  in  company  with 
^  .  are  or  are  not  ol'  the  same  ante  as  the 

■  «  hon  ;  but  I  am  disposed  to  lliiuk  that 

*  G^o^inl  le  Conite  de  Uoarboa-Buu«t. 
t  TIm  Mat  of  the  Btran  Ue  Veaucc. 


I 


1850.] 


MUnCHISON — SLATY  ROCKS  OF  THE  8ICHON. 


i: 


tliey  constitute  an  upper  member  of  the  same  group.  At  all  events, 
the  highly  dislocated  positions  of  the  former,  and  the  majincr  in 
which  they  are  wedged  iu  among  more  ancient  rocks,  indicate  that 
the  great  porphyry  eruptions,  to  which  allusion  has  bceu  made,  took 
place  subsequently  to  tijeir  accumulation. 

In  the  meantime,  tlie  discovery  of  the  above-mentioned  organic  re- 
mains ill  the  schists  of  the  Sichou  has  enabled  us  to  assign  to  one  of 
the  great  flanking  ridges  of  the  Limagne  d'Auvergiie,  a  mucli  more 
recent  age  than  that  to  which  its  rocks  had  previously  been  reforreil. 
We  now  see  that  the  fundamental  strata  of  the  Forez  are,  in  fact,  of 
precisely  the  same  epoch  as  those  of  the  adjoiiuiig  and  |)arallel  chain 
of  the  Tarrare,  which  is  interposed  between  the  region  now  under 
consideration  and  the  coal-fields  of  St.  Etieimc  and  Lyons.  The 
French  geologist,  M.  Griiuer,  had  discovered  in  adjacent  parallel 
tracts,  and  notably  at  Reguy,  two  leagues  east  of  Roanue*,  a  cer- 
tain number  of  fossils  which  M.  Voltz  and  himself  had  classe<l  as 
Silurian,  but  which  M.  de  Venieuil  has  assigned  to  the  carboniferous 
gystemf.  Just  as  on  the  Sichon,  these  fossils  occur  iu  schists  more 
or  less  metamorphosed,  and  occasioually  very  crystalline,  which,  like 
those  of  the  Sichon,  are  also  much  jwnetrated  by  poqthyry. 

The  occurrence  of  momitain  limestone  fossils  in  strata  of  such  an 
antique  and  crystalline  aspect,  luid  which,  being  in  the  highest  degree 
dislocated  and  inclined,  are  stated  by  the  French  geologists  to  be  un- 
conformable to  certain  overlying  coal-fields  of  France,  detennines  a 
question  of  deep  interest  to  t)ie  physical  geologist  and  palaiuiitologist. 
Assuming  that  this  unconformity  exists,  it  follows  that  there  must 
have  been  a  powerful  disruption  of  the  older  members  of  the  carbo- 
niferous series  (t.  e.  of  strata  of  the  age  of  the  inoimtain  limestone 
with  its  shales  and  sandstones)  before  the  overlying  coal-bearing  de- 
posits were  accumulated. 

The  proofs  of  a  conformable  collocation  in  Franconia  of  Silurian, 
Devonian,  and  lower  carboniferous  strata,  as  fonnerly  adduced  by 
ProfesBor  Sedgwick  and  myself  J,  were  doubted  by  an  eminent  French 
geol(^ist§,  simj)ly  because  the  adjaccut  coal-fields  of  Bohemia  had 
not  partaken  of  the  same  movements  of  upheaval.  Hence  it  was  sur- 
mised that  the  limestones  of  Hof,  though  containing  numerous  large 
Proftiicti  identical  with  species  well  known  in  Britain  (and  which  ui- 
duced  my  friend  and  self  unhesitatinglv  to  consider  this  rock  tnie 
carboniferous  limestone),  could  not  really  be  carboniferous,  but  must 
belong  to  an  earUer  eera.  Again,  the  very  decisive  testimony  obtained 
by  M.  de  Venieuil  from  the  hmestones  of  SaMi  and  its  environs  was 
doubted,  in  spite  of  a  profusion  of  true  carboniferous  types,  by  those 
who,  classif3'ing  rocks  by  signs  of  physical  dislocation,  could  not  then 
be  induced  to  liclieve  that  so  great  a  movement  could  have  occurred 

*  See  Annales  des  Mines,  vol.  nix.  p.  80,  3rd  scr. 

t  M.  Jourilaii  has  |>ru>cil  l>y  hin  fine  oillcction  of  fossils,  that  these  carbonife- 
rous strata  extend  from  the  Sannc  to  the  I^irc  and  AUier.  See  Hroces  verhaux 
de  la  Suci^'te  d'Agriciilturc  de  l.you,  vol.  i.  2  s^-ric,  |i.  G7. 

X  Sec  Traoa.  Gcol.  Soc.  Lonrl.'  .New  Scries,  vol.  vi.  (lart  2.  p.  298,  pi.  23.  flg.  15. 
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in  the  middle  of  th&t  which  geologista  have  termed  the  carboniferous 
system. 

M.  de  Venieuil  has  recently  acquainted  me,  after  an  examination 
of  the  succession  of  palaeozoic  dei>osits  in  tlie  department  of  the 
Sarthc,  tliat  he  docs  not  now  believe  there  is  any  coal  in  the  widely 
developed  Devonian  tracts  of  that  region.  The  uppermost  member 
of  those  Devonian  rocks  or  limestones,  loaded  with  fossils,  is  sur- 
mounted by  sandstones,  schists,  and  beds  of  anthracite  (Vire,  Sabl/, 
&c.).  The  limestone,  into  which  these  graduate,  contains  the  Pro- 
fiuclvs  </iyn»,  Chonttei  eomoitlfa,  and  many  other  well-kuown  forma  ; 
and  this  rock  is  covered  by  other  schists  also  anthntcitic.  Now, 
these  carboniferous  schists,  sandstone,  and  limestone,  are  perfectly 
conforniable  to  the  inferior  palaeozoic  rocks,  viz.  Devonian,  Upficr 
Silurian,  and  Lower  Silurian  ;  although  accordinc;  to  geologists  they 
are  all  unconformable  to  the  overlying  coal-field  of  St.  Pierre  la  Coor. 
It  is  this  break  under  the  coal  which,  according  to  M.  Elie  de  Beau- 
mont, accords  with  the  elevation  of  the  "  Ballon  iTJlsace." 

The  accumulation  of  clear  fossil  evidence  from  various  regions  will 
I  trust  now  prevail,  and  induce  all  geologists  to  admit,  that  the  dia> 
tribution  of  animal  life  and  the  chronology  of  ancient  races  by  no 
means  accord  with  the  former  physical  revolutions  of  the  surface, 
llius,  there  is  no  zoological  change  more  complete  and  absolute  in 
the  whole  succession  of  deposits,  than  that  which  b  seen  when  we 
namine  the  summit  of  the  palaeozoic  rocks,  or  Permian  system,  ami 
compare  its  contents  with  those  of  the  overlving  Trias*;  and  yet  in 
every  well-known  tract  of  Europe,  these  two  deposits  are  conformable, 
though  iht-ir  imbedded  animals  are  ioto  ealo  diittinct.  On  the  other 
hand,  whilst  mauy  of  the  Permian  Proilurli  approach  closely  to  car- 
boniferous types,  there  has  been  in  many  countries  a  great  break  bc>- 
twecn  these  two  deposits. 

In  Hritain  there  has  been  no  general  severance  between  the  lower 
and  upjHT  members  of  the  carboniferous  series ;  and  hence  we  possess 
a  Tcrj'  full  and  copious  development  of  all  its  middle  portion.  We 
now  further  learn  why  the  representative  of  that  |>ortion  is  absent  Lb 
some  tracts  of  France,  and  all  those  parts  of  the  Continent  where 
nature's  dq>osits  have  been  interruptetl.  There,  after  a  deposition 
of  lower  carboniferous  strata,  powerful  outbursts  of  porphvTy  and 
other  igneous  rocks  took  place,  occasioning  a  great  dismemberment 
of  the  pre-cxi.'iting  formations,  and  oecupyins  that  time  which  in  more 
quiet  regions  was  spent  in  the  tranquil  accumulation  of  strata  (such 
as  the  millstone-grit,  &c.)  which  underlie  the  great  supplies  of  Ea* 
gliah  fuel. 

BWrrring  then  to  data  I  have  previously  furnished,  to  prove  that 
no  fractures  in  the  crust  of  the  globe  are  so  general  as  to  oonatitalcA 
true  gruutulwurk  of  classification,  I  offer  this  coniributioo  from  the 
banks  of  the  Siclion  in  supfKirt  of  my  views. 


I 
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November  20,  1850, 

George  Edward  Gavcv,  Es(|.,  and  Dr.  James  Macfadyen,  were 
elected  Fellows.  Prof.  fe.  Studer  aud  Prof.  Uermaua  von  .Meyer 
were  elected  Foreign  Members. 

The  following  communications  were  read : — 

1.  XoHce  of  the  occurrence  of  an  Earthquake  at  Brussa. 

[Communicated  from  the  Foreign  Office,  by  order  of  Viscount  Ptlmenlon.] 

On  the  night  of  the  19th  April,  1850,  at  half-past  eleven  p.m.,  a 
shock  of  considerable  violence  occurred  at  Brussa,  in  Anatolia,  last- 
ing from  eight  to  ten  seconds.  The  usc'dlatiou  seemed  to  proceed 
from  S.  or  S.W.  This  was  followed  by  two  other  shocks  during  the 
night,  and  hy  four  others  at  intervals  up  to  the  2 1  st,  all  compara- 
tively slight.  Tlie  same  earthciuakes  were  felt  throughout  the  country 
as  far  as  Kiutahiyah,  particularly  at  Muhelitsch  (forty  miles  W.  of 
BruHsa),  at  Lubat,  on  the  Lake  .\pollonia,  and  at  Kirmasli  (forty  miles 
S.W.  of  Brussa),  on  the  south  side  of  the  lake,  at  which  latter  place 
there  was  a  temporary  gush  of  water  and  sand  from  an  opening  in 
the  earth.  It  was  noticed  that  the  strongest  shocks  followed  shortly 
after  heavy  storms  of  hail,  and  also  that  at  Zehekerghi',  near  Brussa, 
a  momentary  stoppage  of  the  mineral  springs  accompanied  the  earth- 
quake. 


I 


2.  (jeneralizations  respecfiiiff  the  Erratic  Tertiaries  or 
NoRTHER.N  Drift,  founded  on  the  Mapping  of  the  Si;i'kr- 
ficial  Deposits  of  a  large  portion  of  Norfolk.  With  a 
Description  of  the  Freshwater  Deposits  of  the  Gayton- 
thorpe  Valley;  and  a  Note  on  the  Contorted  Strata  of 
Cromer  Cliffs.     By  Joshua  Trim.mer,  Esq.,  F.G.8. 

In  exhibiting  to  the  Society  a  map  of  the  variations  of  soil  over  a 
coiiBiderable  portion  of  Norfolk,  by  which  the  dependence  of  those 
variations  on  contours  is  shown,  I  avail  myself  of  the  opportunity  to 
communicate  a  brief  outline  of  the  conclusions  to  which  I  have  been 
led,  respecting  the  erratic  pheenonicna,  by  a  very  minute  examination 
of  a  district  where  they  are  well  exhibited,  and  where  their  place  in 
thegeological  scale  of  time  is  well  defined. 

These  variations  were  laid  down  by  me,  during  parts  of  the  years 
1844,  1845,  and  1840,  on  the  Ordnance  Map — a  work  which  was 
undertaken  as  the  basis  of  a  paper  on  the  Distribution  of  Soils, 
■written  for  the  Journal  of  the  Royal  Agricultural  Society*.  In  that 
paper  I  confined  myself,  as  much  as  possible,  to  subjects  having  a 
practical  agricultural  interest ;  reserving  others  of  a  purely  geological 
character  for  publication  in  some  scientific  journal.  They  were  em- 
bodied, at  the  request  of  Sir  Henry  De  la  Beche,  in  a  memoir  which 
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I  prepared  in  the  beginning  of  18-J7,  for  the  Memoirs  of  the  Geolo- 
gical Survey  of  the  United  Kingdom  ;  in  which  the  erratic  terlia- 
ries  of  Norfolk  were  coinparetl  with  a  small  portion  of  those  of  South 
Wales,  which  I  had  mapped,  during  part  of  the  preceding  suumier, 
for  Uie  Government  Geological  Survey.  As  various  unexpected  cir- 
cumstances have  delayed  the  publicatioti  of  that  paper,  and  as  I  un- 
derstand there  is  no  prosjH?ct  of  its  apjiearing  at  present,  I  am  de- 
sirous of  now  ptaeiug  on  record  its  principal  generalizations  so  far  «s 
regards  my  work  in  Norfolk,  before  I  joined  the  Geological  Survey, 
referring  to  that  memoir,  when  published,  for  detaib. 
Those  generalizations  are — 

1 .  That  our  \  iews  of  the  glacial  or  erratic  period  are  very  incom- 
plete if  we  consider  its  de[>osits  merely  as  a  formation,  which  lav  for 
ages  beneath  a  sea,  through  which  ieeberg«i,  straying  from  northern 
regions  at  the  same  annual  average  rate  as  at  present,  dro])ped  their 
loads  of  foreign  detritus,  here  and  there,  until  the  floor  of  the  ocean 
became  thickly  strewn  with  boulders,  as  seen  in  the  regions  of  Europe 
and  America  now  covered  by  the  erratic  tertiaries  or  northern  drift. 
Such  views  are  incomplete,  because  our  own  island  afford;)  the  means 
of  fixing  the  precise  jMnut  from  wliieh  the  couimeuccnient  of  the 

§lacial  period  dati-s,  aud  of  proving  that  Britain  sank  us  well  as  ro«c 
uring  that  j>eriod.  These  proofs  consist  in  the  forest  of  Happia- 
burgh  and  Cromer  buried  beneath  the  erratic  tertiaries,  as  first  <le- 
seribed  \>\  Taylor  and  Woodward  ;  and  in  the  circumstance  tliat  on 
the  western  coast  the  northern  drill,  with  its  marine  remains,  liaa 
])enetrateil  into  Cefii  Cave,  aud,  by  its  gupeqtosition  to  the  deposits 
containing  mammalian  remains,  testifies,  like  the  buried  forest,  to  the 
presence  of  a  subai-rial  surface  immediately  before  the  traitsport  of 
northern  blocks. 

2.  The  date  of  this  subacrial  surface  was  subsequent  to  that  of  the 
mammalian  crag,  on  which  are  rooted  the  buried  trees  of  Happis- 
burgh  and  Cromer ;  and  whatever  iudicatious  the  fauiue  and  fionc  of 
the  red  and  mammalian  crags  may  afford  of  an  apjiroach  to  an  arctic 
climate,  the  tnie  glacial  phienomena  of  trans|ioTted  blocks  do  not 
commence,  in  Britain  at  least,  until  during  the  submergence  of  the 
desiccated  and  tn-e-lM-aring  surface  of  the  latter. 

At  tlie  coninicucvment  of  that  submcrgi-nce,  a  bed  of  marine  sheila 
at  Kuuton,  in  sitv,  above  the  Huvio-marine  deposit  on  which  the 
forest  atauds,  testifies  to  marine  conilitions  not  very  dissiniilar  from 
iboM  of  the  craK,  <|uickly  sueceediil  by  the  oeeuliar  phienoniena  of 
the  till  or  l>oulil<-r  clay,  with  its  broken  shells,  erratic  boulders, 
«rratcb<il,and  subangiilnr  detritus,  and  masses  of  fragmentary  cludk, 
unabradiHl  and  unun%ed  with  otlu-r  matter,  in  a  manner  very  difficult 
of  explanation,  if  the  irnusport  were  not  effected  by  means  of  some 
buoyant  material.  At  Mmidealey  the  early  part  of  the  submergence 
i*  market]  bv  the  interlacing  of  jn-aty  mud  aud  freshwater  sheila  with 
the  till,  a*  Jracribcd  by  Sir  Charles  Lyell  *,  and  attributed  by  him  to 
the  entry  of  a  riwr  into  the  M-a  at  that  |M>iut. 

3.  The  rrratie  ile|Kixit«  fonn  coutinuoiia  alieeta  of  stivta,  more  ex- 
*  Loiulon  anil  Kdiatmrgh  Phil.  Mag.  IHIU,  igl.  t«l.  ]•.  .U3. 
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tensive  than  any. other  tertian"  de|K)sits  of  Britain,  although  in  some 
localities  tiiey  have  been  muofi  iriterrupte<l  by  deiiuflation. 

4.  They  occur  uiidcr  the  form  of  an  njijier  and  a  lower  deposit, 
possessing  certain  common  characters,  and  certain  others  that  arc 
distinctive.  Boulders  transjiorted  from  a  diiitanec  are  found  in  botli ; 
but  the  lower  erratic  tertiaries  deviate  more  from  the  type  of  other 
tertiary  strata  than  the  upper  erratics. 

.'».  Tlie  lower  deposit  or  boulder  clay  was  a  littoral  deposit  of  an 
arctic  climate,  which  advanced  southwards  during  the  subsidence  of 
the  land,  and  retreated  northwards  during  its  subsequent  elevation. 
An  examination  of  thesovmdings  rccordetl  in  the  Polar  Voyages,  par- 
ticularly those  of  Sir  Edward  Parry,  |)roves  that  in  frozen  seas  mud, 
which,  under  ordinary  conditions,  is  regarded  as  a  deep-water  deposit, 
is  characteristic  of  the  vicinity  of  land,  where  sand  and  shingle  would 
prevail  in  other  seas. 

6.  The  position  of  the  lower  erratic  tertiaries  in  the  valleys  proves 
that  the  latter  were  excavated  previous  to  the  subsidence  of  the 
glacial  period,  and  indeed  before  the  epoch  of  the  mammalian  crag ; 
so  that  the  general  configuration  of  the  land  was  nearly  the  same, 
during  the  ante-glacial  subaerial  period,  as  at  present ;  old  excava- 
tions having  been  filled  during  the  process  of  subsidence,  and  re-ex- 
cavated, more  or  less,  during  the  period  of  re-elevation. 

7.  The  distribution  of  foreign  matter  in  the  erratic  tertiaries  of 
Norfolk  is  such  as  would  have  resulted  from  the  action  of  shore-ice 
on  sinking  land ;  the  ice  being  sometimes  fixed  to  the  coast  for 
months,  and  even  years  together,  and  sometimes  in  doily  rapid  and 
capricious  motion,  produced  more  by  winds  than  by  tides  (see  tlie 
Polar  Voyages)  ;  the  local  action  being  modified,  and  the  local  and 
foreign  detrit\i8  blended,  by  a  constant  general  current  from  the 
north.  Tlie  prevalent  lines  of  transport  in  Norfolk  are  from  tlu- 
north-east  and  from  the  west.  Scandmavian  erratic  blocks  are  more 
nbundaut  on  the  eastern  side  of  the  watershed  and  the  borders  of  the 
German  Ocean,  while  blocks  and  sniall  detritus  of  oolitic  rocks,  in- 
creasing in  quantity  westward  along  certain  lines,  indicate  that  quarter 
as  their  source.  They  appear  to  have  travelled  chiefly  along  the  valleys 
of  the  Waveney  and  Little  Ouse,  which  flow  ea.stward  and  westward 
from  sources  within  a  few  yards  of  each  other. 

A  very  slight  depression  would  convert  these  valleys  into  a  strait, 
communicating  with  the  Wash  and  insulating  the  greater  portion  of 
Norfolk.  But,  although  the  general  hues  of  transport  nave  been 
from  the  north  and  west,  there  is  an  occasional  intermixtiire  of  de- 
tritus borne  in  opposite  directions  under  the  combined  influence  of 
the  shore-ice,  acted  on  chiefly  by  winds,  and  the  changes  of  the  con- 
figuration of  the  siuface, — valleys,  as  the  land  subsided,  having  been 
converted  into  straits  and  friths,  and  hills  into  islands  and  promon- 
tories. Near  the  heads  of  valleys,  the  honlder  clay  consists  almost 
wholly  of  materials  derived  from  the  bouiuling  rocks  ;  while  nearer 
their  mouths,  it  is  much  mixed  with  detritus  derived  from  a  (hstance. 

8.  In  the  upper  erratic  tertiaries  the  |dia"noinena  of  ordinary  ma- 
rine action  are  more  prevalent  than  in  the  Iwulder  clay ;  the  gravel 
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h  more  rolled,  the  stratification  more  decided  ;  scratched  fragmenta 
more  rare,  if  not  eiif  ircly  wanting ;  while  false  bedding  indicates  the 
pushing  action  of  water,  in  seas  of  no  great  depth.  The  deposit, 
however,  still  furnishes  .some  erratic  blocks  and  several  beds  of  un- 
mixed and  unabradcd  chalk,  indicating  the  action  of  floating  ice. 
This  difference  in  the  character  of  the  upper  and  lower  erratics  may 
arise,  in  part  from  the  former  having  been  deposited  in  a  more  open 
sea,  and  iii  part  from  the  mitigated  rigour  of  the  climate,  particularly 
during  the  deposition  of  the  more  recent  portions  of  the  upper 
erratics. 

9.  The  contortions  in  the  strata  of  Cromer  Cliffs,  which  hare 
been  referred  to  vnrioiis  causes,  and  among  others  to  the  ploughing 
up  of  the  l)e»l  of  the  sea  by  icebergs,  appear  susceptible  of  a  l)etter 
explanation  by  supposing  masses  of  ice  fixed  in  the  boidder  clay, 
which,  as  the  coast  subsided,  became  covered  with  laminated  clay  and 
thin  alternating  beds  of  sand  and  gravel  (see  in/ra,  p.  30,  and  Dia- 
grams, figs.  3- J).  As  the  ice  nu'lte<l,  on  the  return  of  a  milder  climate, 
these  beds  of  clav,  sand,  and  gravel  would  subside  into  the  cavities 
left  in  the  till.  When  the  area  of  the  ice  was  extensive  compared 
with  its  dejith,  the  residt  woidd  be  merely  a  slight  curvature  of  the 
strata  abo\e  the  till.  M'hen  the  thickness  of  the  ice  was  considerable 
compared  with  its  area,  the  s:ubsidcnce  of  the  strata  above  it,  com- 
bined with  tbe  collapse  of  the  walls  of  till  bouniUng  the  canity,  would 
produce  cvcrv  variety  of  contortion  seen  in  the  Cromer  Cliffs,  Tlie 
dithcidty  of  fixing  buoyant  ice  under  water  is  no  objection  to  the 
hypothesis  ;  for  the  records  of  the  Polar  Voyages  give  to  ice  so  fixed 
the  rharacter  of  a  rer«  rauta.  Sir  Etlward  Parry  found  for  miles 
along  the  eoa.st,  near  Melville  Island,  a  dark  blue  stratum  of  solid  ice 
imbedded  in  the  beach,  at  the  depth  of  10  feet  muler  the  surface  of 
the  water.  "The  ice,"  he  says,  "had  probably  been  the  lower  part 
of  heavy  masM-i  forced  agrouml  by  the  pressure  of  the  floes  from 
without,  and  still  adhering  to  the  viscous  nnid  of  which  the  beach  is 
composed  after  the  upper  surface  has  in  the  course  of  time  dissolved." 

I(>.  The  different  elevations  at  which  the  boulder  clay  occur*  on 
the  coast  and  in  the  interior  are  in  accordance  with  the  theory  of  the 
gradual  ad%'ancc  of  an  arctic  littoral  de|>osit  over  subsiding  land,  now 
restored  by  re-elevation  toaltout  its  former  level ;  and  the  theory  will 
explain  the  tnkns|Mirt  of  large  blwks  from  lower  to  higher  levels.  On 
the  eaxteni  coast,  where  the  united  thickness  uf  the  upper  and  lower 
erratics  hai)  lieeii  estimated  at  In-tueen  300  and  -100  feet,  that  of  the 
boulder  elav  rarely  exccttls  SO  feet,  varjing  not  unfreuuently  to 
10  feet  ;  whde  at  Swaffliam  it  has  Ix-en  ascertained  that  a  little  below 
the  summit  of  the  watershed  it  fills  a  hollow  in  the  chalk  to  the 
de|)th  of  90  feet ;  and  on  the  actual  summit  the  upper  erratics,  which 
are  so  thick  on  tbe  eautern  coast,  rarely  attain  a  thickness  of  .'JO  feel, 
and  are  gcncmlli  much  Ihimier,  usually  resting  on  the  clialk,  but  oc- 
casionally iMi  pnliiit's  of  till  in  its  hollows. 

1 1.  NVbile  the  eastern  side  of  Norfolk  lH?»t  exhibits  the  history  oX 
the  erratic  tertiarie*  dimng  the  [>eriod  of  depression,  their  history 
during  the  period  of  clrvatinn  is  best  traced  on  the  western  side.    On 
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the  outcrop  of  the  secondary  strata  on  the  west,  the  declivity  of  the 
surface  on  which  the  erratic  tertiaries  rested  has  been  greater,  and 
their  denudation  more  complete. 

Patches  of  boulder  clay  occur  at  the  commencement  of  the  descent 
from  the  summit  level  to  the  estuary  of  the  Wash  ;  but  ui  general  it 
has  been  wholly  removed  on  the  declivity,  and  the  reconstructed  ma- 
terials of  the  upper  erratics  have  been  brought  down  to  lower  levels, 
during  the  process  of  upheaval,  where  they  are  iu  immediate  contact 
with  the  secondary  strata.  Tilt,  iii  the  form  of  blue  clay  containing 
fragmentary  chalk,  has  been  found  underlying  the  alluvial  deposits 
at  Lynn  and  Denver  Sluice. 

12.  At  an  elevation  of  about  30  feet  above  the  level  of  the  Wash 
we  have  the  older  estuary  deposit  of  the  valley  of  the  Nar,  described 
some  years  since  by  Mr.  Rose*,  with  its  marine  shells  all  of  existing 
species  (though  not  the  same  grouj)  as  that  of  the  marine  alluvium  of 
the  marshes  and  of  the  existing  estuar}')  associated  with  bones  of  the 
horse,  elephant,  and  rhinoceros.  I  have  the  authority  of  Mr.  Rose 
for  stating,  that  while  he  still  adheres  to  the  statement  in  his  paper, 
that  the  Nar  clay  is  not  anywhere  covered  by  deposits  containing 
blocks  transported  from  a  distance,  he  has  found  situations  where  it 
is  overspread  with  loam  and  gravel,  containing  flints  of  such  a  size 
as  to  indicate  considerable  force  in  the  currents  which  transported 
them. 

13.  In  the  neighbouring  smaller  valley  of  Gay  tonthorpe,  at  a  some- 
what greater  elevation,  are  some  deposits  of  which  a  detailed  descrip- 
tion will  be  given  in  the  sequel.  The  most  remarkable  feature  of 
these  deposits  is,  that,  amidst  a  general  absence  of  organic  renmins, 
one  of  the  sections  exhibits  freshwater  strata  with  ninmmalinn  teeth, 
resting  on  a  variety  of  the  boulder  clay ;  and  that  pipes  and  furrows 
have  been  formed  iu  the  freshwater  deposits,  similar  to  those  in  the 
chalk  which  have  so  long  attracted  the  attention  of  geologists. 

14.  In  other  communications  to  the  Society,  I  have  assigned  rea- 
sons for  ascribing  these  pipes  and  the  furrows  of  which  they  form  the 
termination  to  the  mechanical  action  of  water,  before  the  matter  fill- 
ing them  was  deposited.  This  action  appears  to  have  been  iu  oj»cra- 
tiou  from  the  commencement  of  the  eocene  to  the  dose  of  the  erratic 
tertiary  period.  In  Kent,  niauy  of  the  pipes  and  furrows  in  the 
chalk  are  filled  with  eocene  sand.  Those  in  tjie  tilted  chalk  of  Alum 
Bay  are  also  filled  with  eocene  siuul ;  and  they  have  the  whole  argil- 
laceous mass  of  the  mottled  and  London  clays  above  them, — an  im- 
portant fact  in  favour  of  the  origin  which  I  assign  to  the  cavities. 

Near  Norwich  they  are  filled  with  mammalian  crag.  In  other 
parts  of  Norfolk  they  are  filled  sometimes  with  that,  somelimes  with 
the  loamy  deposit  which  constitutes  the  soil,  and  which  I  call  the 
Warp  of  the  drift,  or  erratic  Warp.  I  have  sections  exhibiting  the  two 
classes  of  phenomena  in  the  same  jiit.  The  last  fills  similar  cavities 
in  whatever  beds  have  been  exposed  by  denudation,  so  as  to  constitute 
the  subsoil,  whether  they  be  beds  of  trans|>orted  and  reconstructed 
chalk  in  the  upper  erratics,  or  the  boulder  clay  of  the  lower  erratics, 
*  I^ndon  and  Edinburgh  Phil.  Mag.  1836,  vol.  vii. 
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or  the  chalk  itst-lf.  or  beds  of  grnvfl  and  sand  ;  though  iu  theae  last 
two  Uiey  arc  not  so  regular  and  distinct  as  iu  the  more  consolidated 
beds. 

15.  If  I  am  right  in  my  tipws  of  these  being  dne  to  the  mechani- 
cal action  of  water,  and  m  identifying  the  deposit  which  fills  them, 
ill  the  case  of  the  (laytonthonie  freshwater  beds,  with  the  Warp, — ^a 
surface-soil,  filling  similar  canties  in  all  subsoils,  and  at  all  elevations, 
up  to  the  summit-level  of  Norfolk,  which  is  about  600  feet*, — and 
if  the  surface-soil  be,  as  I  contend,  an  aqueous  deposit  of  some  kind 
or  other,  it  follows  that  these  atjiieoua  operations  took  place  subse- 
qiiently  to  the  denudatiuu  of  the  upper  and  lower  erratics,  after  a 
Bufficienl  inten'al  had  elapsed  to  ]>ermit  the  accumulation  of  from  10 
to  20  feet  of  freshwater  deposits  ;  and  it  becomes  an  interesting  sub- 
ject for  future  investigation,  to  trace  the  nature  of  the  aqueous  opera- 
tions by  which  the  soil  was  |)roduced. 

Ifi.  On  the  other  hand,  if  these  phrenomena  at  higher  levels  re- 
suited  from  the  last  wash  of  the  glacial  sea,  during  the  eniergouce  of 
the  land,  and  are  distinct  from  those  at  Gaytonthoryio,  it  ia  an  inquiry 
00  lew  interesting  and  essential  to  the  right  interpretation  of  the 
history  of  the  closing  oi>eratioiis  of  the  erratic  period,  where  it  is  just 
paaaing  into  that  of  the  modem  alluvium,  to  determine  the  true  nature 
of  the  Gaytonlhorpe  cavities. 

1 7.  The  general  absence  of  marine  remains  from  the  upper  erratics 
of  Norfolk,  and  the  general  absence  of  regular  beds  of  these  remains 
ftom  both  upjier  ana  lower  erratics  in  every  district  which  I  liare 
examined, — and  I  have  now  examined  many  in  England,  Wales  and 
Ireland, — are  remarkable  facts,  and  although  nerliaps  n'ferable,  in 
part,  to  causes  not  peculiar  to  the  glacial  period,  we  must  not  forget 
that  an  extreme  (laucity  of  shells  constitutes  one  feature  of  Polar  seas. 

In  Sir  E.  Parry's  '  Voyages '  we  rea<l  occasionally  of  shelb  and 
sand  accompanying  stones  on  the  "dirty  ice;"  and  we  have  ocok- 
sioiinJ  mention  of  shelLs  and  corals  brought  up  by  the  dredge  ;  but 
attemptii  to  proj-ure  shell-fish  in  suAieient  (piontities  to  afford  a  meal 
for  the  crews  invariably  failed.  The  most  varied  and  extensive  haul 
is  recordt<il  by  Captain  Hpi'<-hy  in  Behring's  Strait* ;  but,  on  the  other 
hand,  we  have  the  following  notice  in  Sir  John  Franklin's  first  Voyage: 
"On  the  spot  where  we  landed  were  some  mussoU  and  a  single  piece 
of  s«'n-w(-e<l.  This  was  the  only  spot  on  the  coast  where  wc  found 
sbelU." 

18.  Tlie  amount  of  denudation  to  which  the  erratic  tertiaries  have 
faeso  S«|ioa»it  yariex  in  different  parts  of  Norfolk.  It  is  lea^jt  in  the 
■MudMini  portions,  where  the  lower  erratics  have  >>ecn  scarcely  reached ; 

rterin  South  Norfolk  and  in  the  north  of  Suffolk,  where  the  boul- 
cJay  in  ver>-  generally  e\|>osed,  the  upper  erratics  occurring  only 
as  outlying  lua&M-s.  and  where  the  lower  erratics  have  Iteeii  cut  through, 
in  some  parts,  a»  aloni;  the  valley  of  the  Waveney,  down  to  the  crag 
and  the  chalk.    The  <leuudation  is  greatest  of  all  on  the  west,  where 

*  I  bdiew  Ike  reecol  triaaguUiioiu  i>r  ih«  Ordnaoet  Survey  ti*v«  wtiienhtf 
icAwed  this  I  lbs  tensr  Tcrtiesl  »n$\a  haviai  bssa  taken  wiib  ««7  lafaiar  la. 
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the  upper  and  lower  erratics  have  both  been  very  genernlly  rcmoveil, 
and  the  secondary  strata  are  covered  vnth  thin  accumulations  of  their 
reconstructed  materials,  brought  down  to  lower  levels. 

19.  The  variations  of  soil  and  subsoil  are  caused  by  this  varying 
amount  of  denudation,  combined  with  the  varying  thickness  ana 
composition  of  the  Warp,  the  former  being  the  result  of  levels  and 
contours,  the  latter  of  the  composition  of  the  neighbouring  and  sul)- 
jaceut  beds  exposed  to  denuding  action.  For  details  I  refer  to  my 
Map  of  Norfolk*,  and  to  the  paper  on  the  Distribution  of  Soils,  in 
the  Journal  of  the  Royal  Agricultural  Society  of  England,  vol.  vii. 
part  ii.  1847. 

20.  .\lthough  the  boulder  clay  extends  to  the  northern  confines  of 
the  valley  of  the  Tliames,  I  have  seen  no  trace  of  it  south  of  that 
river,  nor  have  I  met  with  any  bouhler,  except  one  of  trap  which 
was  in  the  upjK>r  part  of  the  elephant  bed  at  Brighton,  a  deposit 
which  much  resembles  the  upper  erratics  of  Norfolk.  The  superficial 
deposits  of  IIam])shire,  Sussex,  and  Dorsetshire  consist  of  flint  gravel, 
unabraded  or  very  slightly  abraded,  of  little  dej)th,  rarely  exceeding 
'M)  feet,  anil  often  much  less,  very  generally  spread  over  the  surface 
at  all  heights,  from  about  600  feet  rm  the  snnmiit  of  some  of  the 
chalk  hilU,  down  to  the  sea  level.  The  highest  beds  contain  the 
largest  flints  and  the  least  abraded.  Tliey  appear  to  diminish  in  size 
with  the  different  stages  of  descent ;  and  it  is  a  remarkable  fact,  that 
they  are  in  general  little  more  waterworn  at  the  lowest  than  at  the 
highest  levels.  I  consider  this  gravel  to  be  a  modification  of  the 
upper  erratics  of  Norfolk,  the  region  south  of  the  Thames  having 
been,  perhaps,  the  last  submerged,  and  having  continued  the  shortest 
time  underwater.  I  have  found  neither  shells  nor  mammaUan  bones 
in  this  gravel  throughout  the  Hampshire  eocene  district,  west  of  the 
Southampton  Water,  nor  could  I  hear  of  any  having  been  found. 
The  local  {)a])ers  have,  however,  very  recently  announced  the  tUsco- 
vcry  of  tusks  of  the  elephant  and  horns  of  the  stag  in  beds  connected 
with  this  gravel,  in  the  grounds  of  Lord  Eldon  at  Encombe. 

21.  With  regard  to  manimnltan  remains,  I  believe  that  we  have 
two  elephantine  groups,  one  preceding  the  submergence  of  the  erratic 
period,  and  the  other  inhabiting  the  coiuitrj'  at  the  clo.se  of  the  periotl 
of  elevation.  To  the  former  are  to  be  referred  the  mammalian  crag 
and  the  remains  of  the  bone-cavenis  in  general ; — to  the  latter  the 
freshwater  beds  of  the  valley  of  the  Thames,  of  the  Avon  in  Wor- 
cestershire, of  Gaytonthorpe,  and  of  Bielbecks  in  Yorkshire,  together 
with  the  marine  dejwsit  of  tlie  valley  of  the  Nar. 

22.  In  the  valley  of  the  Thames  there  are  two  deposits  of  brick- 
earth  and  gravel ;  one  containing  mammalian  bones,  with  land  and 
freshwater  shells  identical  with  species  now  inhabiting  the  neighbour- 
hood ;  the  other  destitute  of  them.  The  former  are  only  found  in 
the  vieuiity  of  the  Thames  and  its  tributaries,  and  at  certain  heights 
above  them  ;  the  greatest  distance  at  present  known  being  about  a 
quarter  of  a  mile,  and  the  greatest  height  above  the  present  stream 
about  40  feet.   These  fluviatile  deposits  of  gravel,  saud,  and  loam  are 

*  The  map  doea  not  accompany  this  paper. 
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covered  by  others,  in  which  a  careful  search,  continued  for  many  yearn 
by  my  relation  the  late  Mr.  William  Trimmer,  in  the  numerous  brick- 
fields and  gravel-})its  opened  in  them,  detected  no  fossils.  The  upper 
or  non-fossihi'erous  ile|io.sit.s  of  the  low  grounds  extend  over  the  hisber 
di.stricts,  ranging  south  of  the  I'xbridge  Road,  by  Ealing,  llounilow, 
Ueston,  Norwood,  Southall,  Drayton,  Ilanioudswirth,  and  Cowley. 
The  lower  deposits,  and  consequently  the  upper,  ajipear,  by  the  cti- 
dence  of  the  granitic  and  other  foreign  detritus,  recently  collected  at 
Brentford  by  Mr.  Morris,  to  have  been  formed  subsequently  to  the 
denudation  of  the  erratic  tertiaries.  I  should  refer  the  upper  or 
non-fossiUferous  deposits  to  the  period  of  the  Warp  in  Norfolk  ;  and, 
if  my  views  on  this  subject  be  correct,  it  becomes  an  interesting  ques- 
tion for  future  investit^tion,  whether  the  agencies  which  produced 
these  upper  deposits  had  any  connection  with  the  disappearance  of 
the  great  mammals. 

23.  At  the  same  time  that  I  think  we  have  evidence  of  nearly  the 
whole  of  England  being  submerged  during  the  erratic  period,  it  is  by 
no  means  improbable  that  both  subsidence  and  re-elevation  commenced 
from  the  north  ;  so  that  the  district  south  of  the  Thames,  connected, 
perhaps,  at  that  time  with  the  Continent,  may  have  remained  above 
water  when  Norfolk  was  submerged  ;  and  |>ortions  of  Norfolk  and  of 
the  still  higher  regions  north  and  west  of  it  may  have  emerged  white 
Dorsetshire,  Ham])shire,  and  Sussex  remained  beneath  the  sea.  Por- 
tions of  the  desiccated  bed  of  the  glacial  sea  may  have  connected  the 
emerging  northern  districts  with  portions  of  the  Con^neut  which 
escaped  the  glacial  submergence,  and  may  thus  have  afforded  facilities 
for  imniigratiuns  of  colonies  of  plants  and  animals  which  hod  been 
driven  southwards  during  the  |>eriml  of  subsidence. 

Depottiti  of  Gaytonthori'e. 

Tlie  valley  of  the  Nar  opens  to  the  est  nary  of  the  Wash.  Its 
marine  clay,  described  by  Mr.  Rose*,  containing  shells  exclusively  of 
existing  s|M>cies,  associated  with  bones  of  extinct  elephantine  manw 
mals.  follow*  the  windings  of  the  valley  for  three  miles  to  the  north- 
e««t,  and  for  al>o\it  the  same  duitancc  to  the  south-east.  Its  ntnse, 
laid  down  by  .Mr.  Rose  on  the  Ordnance  sheets  exhibited  to  the  So- 
ciety, shows  that  the  width  of  this  ancient  estuary  formation  is,  on 
t}ie  arerage,  al)out  half  a  mile.  Two  miles  north  of  its  eastern  half, 
and  at  a  souu-nhnt  greater  elevation,  is  the  smaller  valley  of  Uayton- 
tborpo,  o|)ruing  also  to  the  Wash,  and  ranging  north-east  for  about 
two  miles  from  the  tillage  of  Gaylonthorpe.  It  is  tilled  with  depo- 
sit*, the  variable  character  of  which  is  shown  in  the  several  marl  and 
clay  pits  o|R'npd  along  its  conrw.  Their  width,  which  is  somewhat 
more  than  a  quarter  of  a  mile  at  the  western  end,  contracts  to  leas 
than  one-<'ighth  of  «  mile  at  the  eastern  end.  Tliey  are  traversed 
nearW  in  their  centre  by  the  road  from  Gaytonthorpe  to  Massinghain 
Ileatlj. 

I'he  following  is  a  description  of  the  sections  exhibited  at  tlie  dif- 
ferent pits,  commencing  at  tlie  most  western. 

•  Loe.  at. 
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North  of  the  roRd,  in  a  brickfield  laid  down  on  the  map  above  re- 
ferred to,  is  a  bed  of  blue  clay  opened  to  the  depth  of  about  12  feet 
which  resembles  that  of  the  Nar,  with  the  difl'creuce  that  it  contaias 
some  small  pebbles  of  chalk,  and  that  no  organic  remains  have  been 
found  in  it. 

About  half  a  mile  east  of  this,  still  on  the  north  side  of  the  road,  is 
a  pit  now  full  of  water,  but  reported  to  have  exhibited,  when  worked, 
the  same  characters  as  the  last. 

Three  furlongs  further  eastward  on  the  southern  side  of  the  road 
is  the  pit  of  freshwater  clay  and  calcareous  sand  which  I  have  de- 
scribed in  the  jiapcr  on  the  Geoloay  of  Norfolk  *,  previously  referred 
to,  and  from  which  I  extract  the  tollowing  section  (fig.  1,  p.  28)  and 
description : — 

"  lu  this  pit  several  beds  of  clay  and  calcareous  sand  rest  upon  the 
irregular  surface  of  a  bed  resembling  the  chalky  varieties  of  the  till. 
The  surface  consists  of  a  loamy  warp,  containing  in  some  parts  accu- 
mulations of  flints  of  considerable  size,  and  filling  fiirrows  and  pipes 
deeply  excavated  iu  the  calcareous  sand  and  associated  clay.  The 
depth  and  extent  of  the  several  beds  will  be  best  understood  from  the 
accompanying  section.  From  the  spot  where  the  word  'Bones' 
occurs,  Mr.  Rose  has  obtained  a  nearly  complete  set  of  the  teeth  of 
the  lower  jaw  of  a  species  of  Bus.  From  the  numerous  fragments  of 
a  very  thin  univalve  in  the  calcareous  sand,  accomfmnied  by  homy 
opercula  resembling  those  of  a  small  Paludina,  and  from  jmrt  of  a 
Vnio  occurring  in  one  of  the  beds  of  clay,  I  was  satisfied  that  they 
were  freshwater  deposits.  Tlie  specimens  which  I  procured  were 
too  imperfect  to  enable  me  to  obtain  an  opinion  from  an  eminent 
naturalist,  but  Mr.  Rose,  who  conducted  me  to  the  spot,  and  who 
was  reluctant  at  first  to  believe  them  fluviatile,  has  recently  set  the 
question  at  rest  by  the  discovery  of  several  specimens  of  Ci/clan  and 
one  of  PlatMrlnt."  This  ])it  not  having  been  worked  since  1816,  I 
can  add  no  further  particulars  respecting  it ;  but  several  other  pits 
have  been  opened  higher  up  the  valley,  which  I  have  recently  ex- 
amined, and  which  I  shall  now  describe. 

About  three  furlongs  east  of  the  la.st,  iu  a  plantation  marked  on 
the  map,  at  the  jmint  where  the  road  from  Gaytonthorpe  to  Massing- 
ham  falls  into  that  from  Lyuu  to  Litcham,  is  a  gravel-pit  worked  to 
the  dejtth  of  between  four  and  five  feet,  consisting  of  coarse  chalk 
flints,  very  few  of  them  at  nil  abraded.  About  six  chains  further 
cast  is  a  clay  or  marl  pit,  of  which  the  following  is  a  section  : — 

1.  At  the  surface  sandy  loam,  varying  in  depth  with  the  depth  of 
the  furrows  and  pipes  in  the  subjacent  marl  from  1  to  -I  feet.  It 
contains  many  coarse  Hints  like  those  of  the  gravel  pit,  but  not  (|uite 
so  large ;  the  greater  portion  quite  sharp,  a  few  however  slightly 
WHtcrwom. 

2.  A  cream-coloured  marl,  coarsely  laminated,  with  oblique  lines  of 
fttratificatiou  transverse  to  the  direction  of  the  valley,  some  alternating 
seams  of  sand,  and  seams  of  chalk  pebbles.  On  the  north  side  of 
the  pit  the  cream-coloured  uuirl  alternates  with  dark  clay,  the  mate- 
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rials  derived,  apparently,  from  the  Kimmeridge  clay  :  depth  opened 
about  1 2  feet.     No  I'ussils  discovered  in  any  part  of  the  series. 

The  following  is  the  section  at  a  pit  about  three  furlongs  east  of 
the  last,  on  the  south  side  of  the  road  : — 

1 .  Sandy  warp,  tilling  pipes  and  cavities  iu  No.  2,  and  varying  in 
depth  from  1  to  4  feet. 

2.  Sand  and  claj'ey  sand,  obscurely  laminated,  the  lines  of  strati- 
fication being  transverse  to  the  direction  of  the  valley,  with  seams  of 
chalk  pebbles,  and  fine  chalk  detritus ;  the  upper  four  or  five  feet 
more  calcareous  and  marly  than  the  rest :  total  depth  I  ;">  feet. 

3.  More  clayey  and  with  less  appearance  of  lamination  than  No.  2. 
Pebbles  of  chalk  dispersed  throughout:  depth  12  feet;  based  ap- 
parently on  sand.     No  fossils  discovered  in  any  of  these  beds. 

After  ])assing  an  old  pit  on  the  north  side  of' the  road,  in  which  the 
nature  of  the  deposits  cannot  be  made  out,  another  occurs  also  on  the 
north  side  of  the  road,  a  section  of  which,  from  east  to  west,  or  in  the 
direction  of  the  valleys,  is  sliown  m  fig.  2. 

In  about  five  chains  more  these  deposits  cease,  and  chalk  comes  to 
the  surface,  having  onlj'  a  covering  of  a  sandy  warp  with  dispersed 
flints.  This  is  the  general  covering  of  the  higher  grounds  to  the 
east,  resting  either  on  the  chalk,  or  on  patches  of  chalky  till  with 
oolitic  fragments,  and  filling  cavities  in  the  subsoil  on  whidi  it  rests. 
On  Massingham  Heath  are  some  accumulations  of  gravel  wliich  1 
have  not  yet  examined  ;  similar  accurnulntious  of  gravel  in  the  upper 
part  of  the  Nar  valley,  by  the  rrmd  from  Castleacre  to  Swaffham,  ap- 
j»e«r  reconstructed  portions  of  the  upper  erratics. 

The  extent  of  the  Nar  clay  is  only  laid  down  on  the  Ordnance 
sheets  exhibited  before  the  Society  as  far  as  Mr.  Rose  has  traced  it 
in  actual  sections,  but  he  has  reason  to  believe  that  it  extends  some- 
what further  east,  or  nearly  to  Westacre. 

PosUcript  on  the  Contorted  Strata  of  Cromer  Cliffs. 

The  phffinomeua  to  be  explained  in  the  case  of  these  contortions 
(see  alwve,  p.  22)  arc  the  following : — 

1 .  Horizontal  strata,  both  of  chidk  and  crag,  below  the  till  (LycU, 
Phil.  Mag.  vol.  xvi.  p.  .363  ;  and  Proc.  Geol.  Soc.  vol.  iii.  p.  173). 

2.  The  till,  obscurely  stratified,  and  passing  upwards  into  lami- 
nated blue  clay,  which  again  graduates  into  the  yellow  silt  and  sand 
of  the  upper  erratics. 

3.  An  irregular  surface  of  this  till,  noticed  by  Sir  Charles  Lyell  in 
the  following  words  : — "  At  some  points  where  the  stratified  clay  re- 
poses on  the  till,  the  surface  of  the  latter  is  very  uneven,  and  was 
evidently  in  that  condition  when  the  superior  deposit  was  thrown  down 
upon  it."  (Proc.  Geol.  Soc.  vol.  iii.  p.  1  76.) 

4.  The  contortions  are  confined  to  the  hollows  between  the  pro- 
jecting points  of  fill,  and  are  the  greatest  where  the  surface  of  the 
till  is  most  irregular.  I  had  asserted  this  (Proc.  Geol.  Soc.  vol.  iv. 
p.  436;  and  Quart.  Journ.  Geol.  Soc.  vol.  i.  p.  219)  before  the  ice 
theory  had  occurred  to  me,  as  nti  iiidication  that  (lie  till  had  exercised 
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aomr  iiiflufiice  iti  |iro<luciiig  the  contortions.  Almvc  these  contortioDA, 
beds  of  sand  And  gravol,  without  anv  apparent  stratitiration,  are  oflra 
succeeded  by  others  in  which  it  is  distinctly  horizontal. 

The  conditions  which  appear  to  explain  these  pheeoomeiu  best 
are: — 

1.  The  imbeddine;  of  masses  of  floe-ice  (not  iceberg;*),  varyiiw 
from  6  to  oO  feet  in  thickness,  in  the  till,  and  their  being  fixed  beueatii 
tlie  water,  as  similar  masses  were  found  fixed  in  the  viscous  mud  by 
Sir  E.  Parrv,  who  spectdates  on  them,  at  the  suggestion  of  Captain 
Sabine,  as  tlie  cause  of  underground  ice  in  cold  coimtrics. 

2.  An  irregular  surface  of  till  caused  bv  the  imbedding  of  these 
masses  of  ice,  tlic  upper  suHares  of  which  were  probabljr  alao 
irregular. 

3.  The  covering,  a.s  the  coast  subsided,  of  the  ice,  thus  fixed  imder 
water,  with  thiu  alternations  of  lamiuatt-d  clay  and  sand,  followed  by 
massive  sand  and  gravel. 

•1.  The  melting  of  the  ice,  on  the  return  of  a  milder  cUmate, 
beneath  a  gupcnncumbeut  mass  of  sand  and  gravel  more  than  300 
feet  thick. 

5.  The  vertical  pressure  of  this  man  rttolvcd  into  a  lateral  force 
in  the  vicinity  of  the  ])arls  lately  occapicd  by  the  ice  (now  cavities, 
or  weak  placr^^  filled  with  the  tubaiding  strata),  so  as  to  squeeze 
together  the  wall*  bounding  theae  niaces  in  the  till  previously  occu- 
pied by  the  icr-blocks.  This  lateral  pressure  would  be  analogous  to 
the  errrp  in  coal-mines,  where,  on  the  removal  of  the  pillars,  it  is  not 
that  the  roof  sinks,  from  the  pressure  of  the  superincumbent  mass, 
but  the  floor  rises. 

These  views  may  be  perluips  better  elucidatril  by  diagrams  of  the 
different  stages  of  the  process  by  which  the  contortions  were  brought 
about. 

Kg».  3,  4,  &  5. — Idml  Sectiotu,  illuitratiee  of  Iht  eondiiion*  wJtieA 
■My  Aaiw  fiffH  rut  to  tk«  Contortion  of  the  Strata  in  Cromer 
Clif: 

Fig.  3. 
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In  fig.  3,  the  laminated  clays  and  sands  (b),  reposing  on  tlie  chalk- 
[rock  (a),  are  covered  by  till  (c),  in  which  fragments  of  a  thick  sheet 
of  ice,  broken  in  the  act  of  being  fixed — blocks  of  floe-ice  (/,  /,/) — 
are  imbedded.  On  the  irregular  surface  of  the  latter,  laminated  clays 
and  sands  (t/)  have  been  conformably  deposited,  and  followed  by 
massive  sand  and  gravel  (e).  Fig.  4  rei)resent8  the  complicated  con- 
tortions which  may  be  supposed  to  have  resulted  from  the  subsidence 
of  the  superincumbent  beds  into  cavities  formed  by  the  melting  of 
such  ice-blocks  as  are  shown  in  fig.  3  {/,/,/),  the  spaces  between 
the  blocks  being  occupied  with  peaks  of  till.  Lastly,  fig.  5  will  repre- 
sent a  case  of  gently  curved  strata  above  the  till,  very  common  in 
the.se  cUffs,  where  the  area  of  the  imbedded  ice  may  be  supposed  to 
have  been  great  and  its  tliickness  small. 


3.  On  the  Origin  of  the  Soils  vrMcA  cover  the  Chalk  o^Kent. 
By  Joshua  Trimmer,  Esq.,  F.G.S. 

The  origin  of  soils  and  their  distribution  are  questions  of  considerable 
theoretical  interest ;  because  they  involve  the  history  of  a  terrestrial 
surface  during  the  period  which  intervened  between  the  desiccatiou 
of  the  bed  of  tlie  glacial  sea  and  the  commencement  of  the  historic 
era  of  Geology. 

Although,  from  the  proximity  of  this  period  to  our  own  times,  it  is 
that  respecting  which  we  might  be  supjiosed  to  possess  the  most  in- 
formation, it  is  nevertheless  that  which  is  involved  in  the  greatest 
obscurity,  because  it  has  been  studied  the  least.  It  has  either  been 
neglected  as  unworthy  of  notice,  or  at  any  rate  less  attractive  than 
the  study  of  the  older  fossiliferous  series  ;  or  it  has  been  shutmed  as 
beset  with  insuwrable  difficulties  ;  whilst  in  some  instances  impatient 
attempts  have  been  made  to  solve  its  problems  zoologicallj'  from  in- 
sufficient data  and  from  an  assumed  sequence  of  organic  remains. 

The  origin  of  soils  and  their  distribution  are  likewise  questions  of 
great  practical  imj)ortance  in  the  application  of  Geology  to  Agri- 
culture ;  because  they  involve  the  question  whether  the  composition 
of  soils  is  identical  with  that  of  the  beds  on  which  they  rest ;  and  if 
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not  idfntioal,  tlieii  aiiJer  wlmt  circumstances  anil  within  what  liinita 
thi')'  are  iliflireiit.  Tin-  reccivi-d  upiuiuii  is,  that  the  iiiajorily  of  soil* 
have  hecn  formed  in  situ  by  the  atmospheric  erosion  of  the  subjacent 
strata ;  and  that  the  colours  of  Geologii-nl  Maps  as  at  present  cou- 
atructed  may  be  received  as  exponents  of  the  variations  of  soil. 

The  study  of  the  superficial  deposits  for  more  than  twenty  yean, 
several  of  which  have  been  devoted  to  the  mapping  of  the  surfacc- 
Tariations,  has  convinced  me  that  this  opinion  is  erroneous,  and  that 
tlie  majority  of  soils  and  subsoils  in  the  British  Isles  are  c<)ni]><i8rd 
oidy  ill  jMirt  of  the  debris  of  the  rocks  on  which  they  rest,  and  in  |MUt 
of  materials  transported  from  various  dbtanccs  by  forces  of  coiud- 
derable  intensity,  differing  from  ordinary  atmospheric  action,  which 
were  in  operation  at  the  close  of  the  glacial  j)erio«l.  I  have  called 
their  results  the  Warp  of  the  Drift,  or  the  Erratic  Warp.  Tlic 
name  is,  i)erhaj)s,  not  the  Im-sI  that  might  have  been  selected ;  but, 
hanng  adopted  it  in  the  tirst  pa|>er  which  I  publislied  on  this  subject, 
I  adhere  to  it  until  gpologistn  shull  substitute  a  Ijctter,  or  shall  dt»- 
prove  the  existence  of  the  de|«)sit  to  which  I  apply  the  name.  The 
erratic  warj)  answers  to  the  "active  SJiil"  of  agriculturists,  which  com- 
prehends more  than  that  jHirtiou  of  the  soil  actunllv  cultivated.  Th« 
terminology  of  Agriculture  is,  however,  too  indefinite  even  for  its  own 
puqioses ;  and  it  is  not  desirable  to  tmnsfer  it  to  Geology. 

During  the  examination  of  the  su|H'rlieiiU  de|to«its,  the  results  of 
which  are  given  in  the  comniuiiicatiou  immediately  preceding  thisi, 
and  in  certain  pubUshed  and  unpublished  ineiiinirs  therein  referred  to, 
phiriiomena  were  obsen-ed  (p.  "io)  which  afford  at  least  strong  prr- 
snniptive  evidence  that  the  accumulation  of  many  of  those  fluviatile 
and  lacustrine  deposits  which  contain  hones  of  large  pachyderms,  now 
eillier  wholly  or  locally  extinct,  asso<-iated  with  molluscs  of  nnrlv 
the  same  species  as  those  now  inhabiting  the  neighbourhood,  took 
place  after  the  emergence  of  Dritain  from  beneath  the  glacial  sea, 
and  prior  to  those  aipiatic  operations,  whatever  they  were,  which 
produced  the  erratic  waq»  or  surface-soil.  If  these  views  are  correct, 
it  follows,  that  since  the  same  mammals  inhabitetl  this  country  before 
the  glacial  subiuer(;enc«  and  after  it,  and  since  the  molluscs  were  in 
both  cases  nearly  the  tame,  organic  reuinins  will  afford  little  aid  in 
distinguishing  depoaita  formed  clahng  ditTereut  |Kirtions  of  one  zoolo- 
gical epoch.  In  then  inrwtigitioni,  therefore,  we  must  rely  chieflr 
on  ]ihysic«l  eridaiM^^^Mi  aiqiorpoaition  when  it  can  be  found,  ■ad 
on  the  rebtinn  of  intnkted  depoaits  to  other  depoaita  whoae  date 
can  be  r.  I  by  their  snjtcqiosition  to  Mmta  of  known  age. 

If,  tiM  .  we  tirid  that  the  beds  of  the  Norwich  Crag  hiul  l>ern 

COnvertetl  uito  a  terrentrinl  aurfan-,  iiilmbittHl  coiijoiiitly  by  llAinorrrot 
tieAor^intu,  Cu\ .  and  K.  lrptoriiiHin*,Cuv.,  and  that  the  freshwater 
depoaits  eoataiiiing  their  remains  are  covered  by  the  marine  deposits 

*  -  Mr.  Pilch  of  Nom  ich  ikmmsms  speciiiiiMl  «f  appsr  sad  lowsr  Bobr  teeth 
of  the  Mnserrw  byinrhmu,  fnm  Um  flMhaalai  (Ugute)  bMb  oa  the  Noriblk 
caaM.  Mar  Cromer, «  hidi  ilcnioartnts  the  auaiiwes  Of  (lib  tpeeia*  la  the  i 
4rpotU  wub  S.  lichorkuam."  (Owea'i  BdL  DdhB  Mamnalt,  p.  381.) 
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T>(  lln>  hoiildcr  clfiy,  or  lower  erratic  tertiaries,  nnd  tliese  again  b_v  tlie 
sniid  and  gravel  of  the  upper  erratic  tertiaries,  and  if  we  find  on  the 
ilcnuded  surface  of  these  erratic  tertiaries  freshwater  beds  containing 
^_^the  remains  of  extinct  mammals, — their  surface  furrowed,  nnd  the 
^■furrows  filled  by  another  unconformable  deposit  which  extends  to 
^Hvarioua  heights,  and  fills  similar  furrows  in  the  denuded  surface  of 
^Hthe  erratic  tertiaries  nnd  older  strata, — there  can  be  no  doubt  that 
^^thc  operations  which  prodiurcd  these  plucnumena  at  hijjher  levels 
1  than  the  freshwater  beds,  and  (iii  the  denuded  suri'acc  of  older  strata, 
^H  were  suiisequent  to  the  interval  during;  which  the  desiccated  bed  of  the 
^H^laeial  sea  was  n  terrestrial  surface,  iuhabited  b}'  the  large  pachyderms. 
^■Aj^in,  if  tracing  the  deposits  of  the  glacial  sea  southwards,  from 
^f  Norfolk  to  the  northern  edge  of  the  valley  of  the  Thames,  we  there 
'        find  gravel  resting  on  the  boulder  clay,  we  may  safely  identify  that 

Ncravel  with  the  upper  erratics  of  Norfolk,  even  although  it  may  o<'cur 
«ii  di8conneete<I  patches,  the  result  of  denudation — a  form  in  which 
it  is  also  frequently  found  in  Norfolk,  nnd  notwithstanding  some  dif- 
ference of  lithological  character ;  and  if,  oji  the  south  of  the  valley 
of  the  Thames,  we  find  similar  gravel  to  that  of  its  northern  edge  at 
'  vels  which  prove  them  to  be  disconnected  portions  of  a  stratum 
once  continuous,  we  may  safely  identify  the  gravel  south  of  the  Thames 
«rith  the  upper  erratics  of  Norfolk,  even  although  the  lower  erratics 
be  absent,  and  although  the  gravel  be  in  immediate  contact  with  the 
ne  tertiaries  or  the  chalk.  At  any  rate  the  onus  of  proof  lies 
'••with  those  who  assign  to  it  a  higher  aiitiiiuity. 

Again,  if  at  lower  levels,  within  the  valley  of  the  Thames,  at  short 
distances  from  the  present  stream,  nnd  at  certain  heights  above  it, 
bones  of  extinct  pachydenns  nnd  flnviatile  shells, — the  shells  with 
one  exception  identical  with  those  now  inhabiting  the  neighbourhood, 
I  — are  buried  beneath  gravel  composed  of  the  same  materials  as  that 
^KAt  the  higher  levels,  it  is  a  legitimate  inference  that  the  gravel  ui  the 
^^krough  of  the  Thames  has  been  derived  from  that  of  the  higher  levels, 
^^birouglit  down  by  denuding  processes ;  and  that  the  mammalian  do- 
^Kp*'''''  is  more  recent  than  the  upper  erratic  tertiaries,  and  consequently 
'      than  the  Norwich  Crag*. 

This  inference  is  indeed  confirmed  by  granitic  detritus  being  found 

associated  with  the  mammalian  remains,  since  debris  of  this  rock  does 

ct  occur  in  the  Crag,  or  in  any  tertiary  strata  older  than  the  glacial 

lubniergence. 

.\gaingt  such  evidence  we  should  be  wrong  in  inferring  that  the 

ammalian  deposits  of  Clacton  and  Brentford  were  of  different  ages, 

lUse  the  one  contains  only  lihinoci-ron  leplorhinna  and  the  other 

inly  R.  tichorhinus,  which  were  co-iuliabitnuts  of  Britain  before  the 

[lociol  submergence  ;  and  because,  at  Cl.ieton,  in  addition  to  the  living 

[jecies  of  molluscs  of  the  neighbourhood,  common  to  the  two  deposits, 

•  8ut>8tilutiiig  denudation  during;  the  process  of  elevHtion  for  tlie  "  retiring  di- 
lurian  waters,"  this  it  a  repetition  of  tlie  argument  h;  wliicli  Dr.  ISucklanil  (lieol. 
Trxnl.  Ut  Series,  vol.  y.  p.  521)  maiiitaiued  that  the  exravatiun  of  the  valley  of 
the  Thames  Iiad  uken  place  after  the  transport  of  the  Warwickshire  gravel  con- 
taining pebbles  of  the  Liekey  qunrlz  rock. 

VOL.   VII. —  P.\KT  I.  O 


PROCECDIICCS  or  THE  GEOLOGICAL  SOCIETY.       [NST. 


a  sioglc  Bpmes  is  found  not  novr  known  in  a  living  state,  nearer  than 
Egypt.  There  is  nothing  more  remarkable  in  a  Cyrena  of  Uie  Nile 
being  associated  witli  the  molluscs  of  the  present  Thames  at  C'lactoti. 
than  there  is  in  the  association  at  Brentford  of  the  same  shells  with 
the  hippopotamus  and  the  rein-deer. 

If,  again,  over  these  fluviatile  deposits  of  the  valley  of  the  Tlianics, 
we  find  beds  of  gravel  and  loam  destitute  of  organic  remains,  and 
extending  beyond  the  Umita  of  the  fluviatile  deposits  to  the  high 
crounds,  their  thicknesa  varying  with  the  elevation  and  form  of  sur- 
face*, we  have  a  counterpart  to  the  erratic  warp  of  Norfolk,  tracenhle 
over  the  higher  and  lower  groiuida,  deepening  in  the  latter,  and  co- 
vering, at  Gaytontlioq>e,  freshwater  and  mammalian  deposits  which 
fill  hollows  in  the  denuded  surface  of  the  erratic  tertiaries  (see  figs.  I 
Xt  2,  p.  28). 

Such  I  beUeve  to  be  the  facta  of  the  case ;  but  thev  can  onlv  be 
considered  as  partially  estabUshed,  until  the  su|>erficial  ueiiosits  ot  the 
valley  of  the  Thames  from  its  source  to  its  mouth  shall  have  been 
nmp(K-d,  and  their  relations  to  the  deposits  of  the  glacial  sea  in 
Norfolk,  Suffolk,  and  Essex  shall  have  been  satisfactorily  determined. 
1  know  of  no  other  mode  of  solving  tlie  question,  than  by  laying  down 
the  variations  in  the  deposits  of  that  sea,  with  the  same  attention 
which  has  b<H-u  Wstowed  on  the  older  aem  beds,  which  have  hitherto 
been  exclusively  honoured  with  a  place  on  geological  maps. 

In  the  present  communication  1  propose  to  show,  that  the  soils 
which  cover  the  chalk  of  Kent  at  various  heights  are  analogous  to  the 
erratic  warp  of  Norfolk  ;  that  they  are  the  result  of  aqueous  transport  ; 
and  not,  according  to  the  prevalent  assimiption,  |)roduced  by  atmo- 
spheric erosion  which  during  the  lapse  of  ages  dissolved  and  removed 
Ute  calcareous  matter  of  the  chalk,  leaving  tx-hind,  as  upon  a  filter,  ila 
floe  •ihceons  mid  argillaceous  particles  and  its  flints. 

The  district  to  whirh  these  remarks  apply,  comprises  only  a  few 
square  miles  lying  a  httle  to  the  S.  of  Dartford  ;  but,  if  of  Umited 
CXtmt,  it  is  a  fair  type  of  the  Kentish  Chalk  district  in  general.  The 
njlid  cliaiiges  of  soil  in  this  district,  where  ferruginous  and  nou-cal* 
OUTOiis  clay,  clay-loam,  and  Inani  more  ttr  less  sandy,  as  well  as  white 
c»lc«reoiu  soils,  may  be  seen  in  the  sjiare  of  forty  or  fifty  acres,  would 
he  a  strong  pre8iim|iti(>n  against  the  hypothesis  of  t'ommtion.  in  tiit, 
bv  chemirnl  Mihilion,  unless  it  eau  be  shonii  that  the  conii^iositiou  uf 
till'  snbjuceut  chalk  varies  with  the  variatiuns  of  soil ;  and  uuIm*  • 
aatisfactorv'  explanation  can  be  offered  of  the  solution  of  the  calcanoua 
nuitter  in  one  caae,  and  ita  nou-aoliition  in  another.  I  shall  funiish, 
however,  poaitive  cndcnce  of  aqueous  trans]iort,  in  alternation  of 
deposit. 

The  village  of  Hartley  stanila  on  an  elevated  table-land  of  chalk, 
covered,  to  depths  varying  between  one  and  f'our  feet,  by  a  soil  of  notv- 
nalcareous  ciay-luani  |>BSxing  into  a  sandy  loam,  and  changing  from 
one  tn  (he  other  within  very  short  distances.  The  lurface  u  Uiickljr 
Mrewii  with  large  unahrade<l  flintiand  some  rounded  flint  pebble*,  re- 
ferable to  the  eocene  tertiaries,  of  which  there  are  aoine  outliera  a  little 
to  the  northward,  ai  for  inatancc  at  the  viilagt  of  Darenth.     The 
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surface  of  the  chalk,  at  its  junction  with 
the  soil,  ha3  been  wom  into  pipes  and 
cavities,  some  of  which  are  four  or  five 
feet  deep.  Some  of  the  road-cuttings 
show  light  yellow  sandy  loam,  mixed 
with  angular  flints  and  eocene  pebbles, 
resting  immediately  on  the  chalk.  A 
little  north  of  Firby  Farm,  marked  on 
the  Ordnance  Map,  a  gradual  slope  com- 
mences to  a  valley  opening  into  that  of 
the  Thames.  The  road  from  Darenth 
to  Longtield  and  Cobhani  runs  through 
the  bottom  of  the  valley.  About  three 
furlongs  west  of  Longfield,  by  the  side  of 
the  lane  leading  to  Hartley,  which  as- 
cends the  western  side  of  the  valley,  a 
cutting  at  the  new  Parsonage  House  of 
Hartley,  now  building  in  a  wood  marked 
on  the  Ordnance  Map,  ha.s  laid  open  an 
instructive  section  of  the  soil  and  subsoil 
above  the  ehalk,  the  most  material  por- 
tion of  which  is  exhibited  in  the  acconi- 
panving  section.  M'hcre  the  section  ap- 
proaches the  summit  and  the  surface  of 
the  chalk  rises,  the  soil  consists  of  loam 
and  clay-loam  varying  from  one  and  n 
half  to  four  or  five  feet  with  the  irre- 
gular surface  of  the  chalk.  In  imme- 
diate contact  with  the  chalk  is  a  layer  of 
dark,  ferruginous,  and  tenacious  clay, 
from  a  few  inches  to  two  feet  thick, 
which  also  fills  cavities  in  the  chalk, 
and  passes  upwards  into  clay-loam.  In 
some  parts  there  are  collections  of  re- 
constructed chalk,  containing  seams  and 
patches  of  the  same  kind  of  forrnginoiis 
clay  as  that  interposed  between  the  sur- 
face-soil and  the  clay  which  rests  upon 
the  chalk ;  and  in  one  of  the  pipes  are 
alternations  of  clay  with  calcareous 
matter.  Large  unabnuled  flints  and 
rounded  flint  pebbles  of  the  eocene  series 
are  dispersed  through  all  these  deposits, 
and  in  one  part  shown  in  the  section, 
there  are  accumulations  of  the  small 
rounded  pebbles  of  the  eocene  strata. 

As  the  surface  of  the  chalk  sinks  to- 
wards the  valley,  and  the  superficial  de- 
posits dcej>en,tney  become  nmre  blended. 
In  the  lane  between  the  corner  of  tlie 
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wooit  ill  wliic-h  Ilarllcy  Pnr8<iiin^e  ia  huikling  and  thr  ('liurch  of 
Longfii-ld,  u  (U'|itli  of  tivL-  or  nix  feet  of  yellow  sAiidv  loam  ia  tisiMr 
r1k>vc  the  chalk  ;  and  it  coustitiiteg  the  surface  ot  n  field  on  the 
western  slope  of  the  valley,  between  the  wixwl  and  the  Lniigtield  and 
Durenth  road.  'Hie  eastern  siile  of  the  valley  rises  more  nltniptly ; 
uid  on  that  side  soiLi  consisting  of  a  white  surface  of  chalk,  and  of 
brown  non-<-alcareoiis  and  whitish  calcareous  loams,  may  all  be  veen 
within  an  area  of  fifty  acres.  A  bed  of  the  last,  several  feet  deep, 
Adjoins  the  road,  a  few  furlongs  north  of  Longtield.  For  about 
•  mile  northward,  between  that  jMiiut  and  Greenstrt-t-t  Green,  thr 
roa<i  pad»es  over  a  lied  of  coaroe  tlints,  slij^htly  waterwom,  thnu<;li 
more  so  than  those  spread  over  the  surface  of  thr  higher  grounds. 
This  bed  of  fliuts,  which  is  in  some  parts  six  or  8«'ven  feet  deep, 
rests  on  chalk,  and  is  perhaiis  nlxmt  ten  chains  wide.  The  ea.itera 
aide  of  the  vnllev  above  it  s1icim«  M)nie  .>ili;;ht  indications  uf  termee*, 
but  thcv  are  very  irrepular.  I  lm\e  not  Iniced  these  de|K>sits  north- 
ward of  Greeustreet  Grc-en  ;  but  we  know  tliiit  the  soutiicm  bank  of 
the  Thames,  in  this  iiei};hl>ourho<Kl,  is  fringed,  like  the  northern, 
with  innininalinn  and  freshwater  ileposits,  at  eonsidrrnblr  cK-vatioiui 
aUive  the  existing  stream,  but  lower  tlion  lite  non-foK>iliferaug  do- 
posits  descrilM'd  above. 

I  have  myself  sent  specimens  to  the  I^IiLM-um  of  the  Society  from 
Wds  still  nearer  the  mouth  of  the  Thames,  in  the  ueighljourhiXHl  of 
F'Hventham,  which  extending  below  the  level  of  high  water,  ei:hibit, 
iu  their  molluscous  contents,  lacnstrine  or  tluviatile,  but  not  estuary, 
conditions ;  and  are  covered  bv  non-fossiliferous  dr|M)8it«  luialogniu 
to  that  of  the  erratic  warp  of  Norfolk. 

In  conclusion,  I  woidd  n*mark  on  the  siniilnrity  of  thr  phrrniimena 
uf  the  most  recent  de|)osits  in  n  transverse  valley  extending  from  the 
<*<tuary  of  the  Thames  to  the  snnunit  level  of  the  elmlk  of  Kent,  to 
those  of  the  \ alley  of  Gaytouthorpe,  also  a  transverse  valley,  similarly 
sitiiatctl  with  rrsfiect  to  the  estuary  of  the  Wash  and  the  chalk 
which  conslitutrs  the  highest  part  of  Norfolk  ;  an<l  1  woultl  nrg»'  on 
ihoKC  geologists  who  nttribnte  the  formation  of  the  soil  which  covers 
the  chalk  to  solulinn  in  iiilH  by  atmosphrrie  erosion,  to  rxomine 
carefully  and  iiiipurtiallv  phn'nomena  wliicli  a|>|>ear  wholly  irrecon- 
cile4(ble  with  such  un  origin. 

I  would  alMi  urge  the  neci>ssity  of  endeavouring  to  work  out  thr 
scquener  of  (leiMnits  IkHwccu  the  Norwich  I'rag  and  the  historic  n-rm 
on  physij-ol  e\idenee;  and.  having  determined  it  b\  those  means,  to 
ascertain  what  organic  remains  are  contained  in  each  uieiidM-r  of  the 
wriex,  instead  of  assigning  difTcrent  e|iochs  to  delAcheil  de|iosits,  in 
ronw-ipienee  of  the  jirest-nce  or  absence  of  a  |>articnlar  species  of 
niatnnial  or  uioIIum-,  which,  having  existed  through  the  whole  |>crio«l, 
may  be  present  in  certain  deftosits,  or  absent  fnim  them,  solrlv  from 
local  accidents.  I  would  also  a>k,  whether  anv  better  method  rmi 
Lr  devist'd  iif  »i>ikii.^  fut  ;!h v  i|iii.li.iii<  on  pliyii-d  eMileniv,  iJuin 
by  tnunng  the  jilin'nomi-un  of  the  superficial  iK'pOiits  from  the  summit 
Irvel  of  a  giien  di«tnet  tbrouich  U)c  minor  dry  valleys  into  the  larger 
'  XT  volleys,  in  which  we  find  the  most  recent  dc|iosits  coutaining 
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the  remains  of  the  great  extinct  mamniaU ;  and  by  combiuiug  and 
exhibiting  tliose  phtenomena  on  maps.  Maps  of  tlie  surface-geology 
will  also  be  of  great  importance  to  agriculture.  Professor  Johnston 
was  t}ie  first  to  point  out  the  necessity  for  them.  "  We  have,"  he 
aays,  in  liis  Lectures,  "  geological  maps  of  all  our  counties,  in  which 
the  boundaries  of  the  several  rocky  fonnatious  are  more  or  less  ac- 
fumtt-ly  pointed  out ;  and  from  these  maps,  as  we  have  seen,  much 
valuable  agricultural  information  may  fairly  be  derived.  We  have 
also  agricultural  maps  compiled  with  less  care  and  often  with  little 
geologicjil  knowledge  ;  but  agriculture  now  requires  geological  maps 
of  her  own,  which  shall  exhibit,  not  only  the  limits  of  tiie  rocky 
fonnations,  but  also  the  nature  and  relative  extent  of  the  BU]>erticial 
deposits  (drifts)  on  which  the  soils  so  often  rest,  and  from  which  they 
are  not  unfrcqueutly  formed.  These  would  afford  a  sure  basis  on 
which  to  rest  o>ir  opinions  in  regard  to  the  agricultural  capabilities 
of  the  several  j>arts  of  a  couutrj-,  in  which,  though  the  rocks  are  the 
same,  the  soils  may  be  different.  To  the  study  of  these  drifted  ma- 
terials, in  connexion  with  the  action  of  ancient  glaciers,  the  attention 
of  geologists  is  at  j)re8ent  much  directed,  and  from  their  labours  agri- 
culture will  not  fail  to  reap  her  share  of  practical  benefit.  The  Geo- 
logical Survey,  so  ably  supermtended  by  Sir  II.  de  la  Bcche,  is  col- 
lecting and  recorchng  much  valuable  information  in  regard  to  the 
agricidture  of  the  Soutliern  counties  ;  but  it  is  not  unworthy  the  con- 
sideration of  our  leading  Agricultural  .\s80ciations,  whether  some 
portion  of  their  encouragement  might  not  be  beneficially  directed 
to  the  preparation  of  agricultural  maps,  which  should  rejiresent  by 
different  colours  the  agricultural  capabilities  of  the  different  parts  of 
c«ch  county,  based  upon  the  knowledge  of  the  soils  and  subsoils  of 
each  parish  or  township,  and  of  the  rocks,  whether  near  or  remote, 
from  which  they  have  been  derived." 

It  was  by  this  hint  that  I  was  induced  to  enter  on  the  task  of 
mapping  the  surface-geologj'  of  Norfolk,  havuig  been  long  satisfied, 
from  previous  ac^juaintauce  with  the  superfici^  deposits,  that  their 
influence  on  agricultural  geology  was  greatly  imderrated.  In  the  . 
progress  of  the  work  I  soon  discovered,  that  the  variations  of  soils  are 
mainly  dejjendent  on  contours  ; — views  which  have  received  confir- 
mation from  a  fact  which  has  only  recently  come  to  my  knowledge, 
namely  that  this  is  a  rediscovery.  It  had  been  asserted  as  a  local 
truth  by  an  agricultural  writer  ot  considerable  note*,  before  the  rise 
of  gcologj'  and  the  constniction  of  agricultural  maps,  and  consequently 
before  the  over-generalization  wliich  pushed  the  dependence  of  soils 
on  the  strata  exliibited  iu  those  maps,  like  the  identification  of  strata 
by  organic  remains,  beyond  its  due  limits.  This  map  of  the  surface- 
geologv  of  Norfolk  was,  I  beUeve,  the  first  attempt  to  cor  struct  an 
agricultural  ma[)  on  so  large  a  scale  as  that  of  the  Ordnance  Map,  and 
with  so  much  attention  to  details.  The  second  was  that  of  part  of  Car- 
diganshire which  I  constructed  for  the  Government  Geological  Sun'ey. 
But  the  first  published  illustration  of  the  plan,  is,  as  I  have  recently 
been  informed,  that  which  Professor  Johnston  himself  has  appended 
*  Arthnr  Young. 
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tn  a  B<.>port  on  the  Agricultural  capability  of  New  Brunswick,  which 
he  drew  up  during  his  recent  stay  in  America,  and  which  was  brought 
out  under  the  auspices  of  the  local  legislature.  Not  having  yet  •*«> 
that  map,  I  am  not  aware  to  what  extent,  in  the  execution  of  the 
Mme  plan,  we  hare  independently  followed  the  same  details  ;  from 
the  circumstances  under  which  it  was  constnicted,  I  presume  it  can 

five  only  a  genera]  outline  of  the  distribution  of  soils  in  so  large  a 
istrict.  That  maj)s  of  the  surface-geology  of  these  Islands  would 
be  of  great  utility,  must  be  obvious  to  every  one  who  combines  agri- 
cidiural  with  geological  knowledge,  and  who  is  aware  of  the  extent 
to  which  our  country  is  covered  by  the  su[)«rticial  deposits,  whether 
we  call  them  drifts,  erratic  tertiaries,  or  by  any  other  name.  Whatertr 
may  be  the  present  fate  of  such  maps,  it  may  be  safely  predicted, 
that  another  generation  will  not  pass  away  without  seeing  the  con- 
•trucdon  of  them  finnly  established  aa  a  recognised  part  of  agricul- 
tural practice,  an<l  sedidously  culti«-ated  u  an  important  branch  of 
geological  research. 


4.  Oh  the  Limestone  Qvakry  of  Li.nksfi^lo,   Elgin,  N.B. 
By  CapUin  R.  T.  W.  L.  Brickendem,  F.G.S. 

[His  pipCT  VM  withdrawn  b]r  the  author  with  tlie  penniaioa  of  the  ConadL) 


Dkckmber  4,  1850. 

William  Benniaon,  Esq.,  Thomas  Rowlandaon,  Esq.,  and  Hennr 

William  Taylor,  Els<j.,  were  elected  Fclluws. 

The  following  commuukatjous  were  read  : — 

I.    0»  the  GXOIMG'V  of  thr  V VV*:H   PlNJAt^B  cmi/   PCSBAVR.      BjT 

Major  ViTARV. 
[CowDooiMled  b]r  Sir  R.  I  MurchiMB,  T.P.G.S.] 

Introihictory  Remark*  by  Sir  R.  I.  Murchitvn. — In  communi- 
caiiit?  the  ciirUiM'd  letter  from  Major  Vicary  to  m>Mrlf,  I  beg  to  ub- 
e<  ''I'  ubtained  hi*  knowledge  in  an  arduous  cnmfiaign,  which 

U'  I  i-h  force*  into  regions  ordinarily  inaccessible  to  grologijta. 

Indrpeadrutly  of  the  drsrnption  <if  an  extensive  range  of  ihoM 
joungtT  tertiary  drfHwits  in  the  Sewalik  hilU,  with  the  contents  of 
which  He  have  Drrii  made  arouaiuted  through  the  letter*  of  uur  asso- 
ciatr*  Falconer  and  (."sutler,  Majur  Vicary  now  calls  our  attention  Xo 
ualaMJZoic  fowula  derived  troui  the  niouutaius  which  separate  British 
India  from  Cabul.  It  aupeRn  that  Dr.  Falconer  bad  previously 
obtained  poiiwaoB  of  foMU»  eirtabliihing  this  ]>oint,  and  I  would  now 
ktate  that  when  I  !a*t  Tinted  Edinburgh,  the  Krv.  Dr.  Fleming  showed 
me  Produeti  and  Sptrifrri  collected  by  hi*  son  Dr.  A.  Flcniiue,  of 
the  Company's  Service,  in  tlie  vicinity  of  the  salt  range  at  Musakhail 
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on  the  east  bank  of  the  Indus,  which  seemed  to  be  identical  with 
carbouiferons  forms  well  known  in  the  British  Isles.  Being  unaware 
at  that  time  of  any  similar  discovery,  I  urged  my  friend,  the  Rev. 
Dr.  Fleming,  to  make  his  son's  researches  known  to  the  scientific 
world,  and  to  compare  exactly  the  species  collected  in  Western  India 
with  those  of  Scotland,  with  which  lie  is  so  conversant. 

Having  since  shown  these  fossils  to  M.  de  Venieuil,  he  has  iden- 
tified five  out  of  eight  or  nine  sjiecies  with  forms  well  known  in  rocks 
of  this  age  in  other  parts  of  the  world,  viz. — 

Productus  Cora,  D'Ori.  Orthis  creiii8tria,  PhiU. 

costatus,  Sotp.  Terebratula  Koyssii,  VErriUe,  and  seve- 

Flenjinjii,  &w.  =  P.  lobatoi,  Sato.         ral  other  species  of  this  genus. 

Now  these  fossils  have  already  been  known  to  have  an  enormous 
geographical  range ;  the  Product  u*  Cora  occurring  in  Peru,  Spiti- 
bergen,  Northern  Europe,  and  the  Sierra  Morena  of  Spiun  ;  whilst 
two  or  three  of  the  other  species  have  an  almost  equally  extensive 
distribution. 

The  observations  of  Major  Vicary  are  thus  augmented  in  value  by 
the  discoveries  of  Dr.  A.  Fleming  ;  for  they  prove  that  the  palxozoic 
rocks  have  a  considerable  range  in  the  region  of  the  Indus,  a  fact 
hitherto  unknown  to  European  geologists. 


Kawrk E  Pass  leads  through  n  range  of  low  hills  rising  in  some  places 
to  about  800  or  1000  feet  above  the  {>tain,  and  stretching  in  a  north- 
easterly direction  from  Moong  and  Ilussoulpoor  (near  Julalpoor) 
towartfs  Bhimber.  The  surface  of  these  hills  is  barren  and  <levoid  of 
herbage,  bearing  only  small  and  scattered  trees.  The  formation  is 
composed  for  the  most  part  of  vellow  marly  clays,  with  beds  of  a  [.lale 
soft  sandstone,  the  whole  ofien  capped  with  conglomerate.  The 
boulders  and  gravel,  disengaged  from  the  latter,  fill  the  water-courses, 
and  are  thence  carried  during  floods  some  distance  into  the  plain 
below.  They  are  also  scattered  everjTvhere  over  the  surface  of  the 
hills.  I  also  noticed  some  thin  beds  of  kunkur  (travertine),  but  found 
no  fossils  during  my  hasty  march  through  the  Pass.  1  think  that 
these  clays,  with  kimkur,  conglomerate,  &c.,  will  be  foiuid  to  belong 
to  a  tertiary  formation  noticed  Iwlow. 

The  range  of  hills  distinguished  by  Mount  Tilla  (a  high  and  con- 
spicuotis  landmark)  is  north  of  this  range  about  30  miles,  running 
nearly  ])arallel  to  it,  with  the  Jhilmn  river  passing  along  the  inter- 
vening valley.  The  broken  and  hilly  country,  however,  stretching 
from  Mount  Tilla,  reaches  nearly  to  the  bank  of  the  river,  at  a  point 
a  short  distance  north-east  of  Julalpoor.  The  range  of  hills  entered 
by  the  Rotas  Pass  is  a  prolongation  of  that  from  which  Mount  Tilla 
rues,  and  the  mouth  of  the  Pass  is  probably  not  more  than  twenty- 
fire  miles  east  of  it;  tlie  road,  vid  Rotas,  as  far  as  the  Dukkur-Alla 
Pass  (or  nearly  to  it),  about  forty  miles,  leads  along  the  bed  of  the 
Kuhon  river,  the  sands  of  which  are  washed  for  gold-dust.  The  outer 
and  lower  hills  at  once  reminded  me  of  those  I  had  seen  in  Scinde,  at 
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Avail,  and  utliiT  places;  the  sianie  barrenness  and  yellowish  rusty  co- 
lour of  surface,  wilh  the  hrokeu-up  conglomerate  !«cottered  every- 
where ;  and  here  too  I  found  some  of  the  boulders  composed  of  nuro- 
niulitic  limestone. 

The  sections  exhibited  by  tlic  river  show  thick  beds  of  yellow 
marly  clay,  sandstone  (calcareous),  and  couglomcrate.  The  beds  for 
the  first  \ialf-mile  from  the  entrance  to  the  Pbm  are  nearly  vertical ; 
farther  on  they  acquire  a  southerly  dip,  and  at  last  become  nearW 
horizontal ;  while  farther  on,  near  llotas  Fort,  the  dip  is  from  ■45'*  to 
50'  west.  Near  the  Fort  the  clay  beds  W-conie  more  develojx-il,  the 
upper  beds  beine  oAeu  conglomerate  with  a  calcareous  cement,  from 
.'{  to  10  feet  iu  thickness ;  some  of  the  boulders  here  a>e  of  nummu- 
litic  limestone,  neneath  this,  the  clay  beds  and  thin  beds  of  Mud- 
stone  alternate.  Nodules  of  kuukur  (travertine)  are  found  in  the  clay. 
I  found  t>onie  broken  pieces  of  fossil  bone  on  the  top  of  one  of  the 
hills  near  the  Fort. 

Tlie  same  low  hills  and  a  similar  formation  are  met  with  about  a 
mile  north-west  of  Bukkur-AIla  village  with  a  varving  dip  ;  at  Uddp- 
rana,  about  the  thirteenth  mile,  it  is  nearly  horiiontol,  and  again  at 
the  village  of  Hukkur-.\lla,  dipping  35^  to  45°  west.  The  furniatiou 
at  this  place  a^tsumes  all  the  cliaracters  common  to  the  .Scwalik  moun- 
tains at  the  ba^e  of  the  Himalayas,  near  Nahu.  The  upper  bed 
usually  is  a  calcareous  sandstone  3  to  6  feet  iu  thickness,  partially 
covered  by  the  n-mains  of  a  calc-cenienttd  eougloniernte.  Fossil  Imiims 
are  found  in  considerable  abunilance  both  in  the  sandstone  aiul  con- 
gloinerat4-,  but  I  believe  chiefly  from  the  latter  ;  they  are  found  either 
IU  the  water-courses,  or  even  on  the  tops  of  the  hills,  detached  by  the 
action  of  the  elements,  or  in  *ttu.  Beneath  the  sandstone  there  is  a 
bed  of  marly  clay  with  kunkur  (travertine)  nodules ;  in  the  lower 
part  of  tiie  sandstone,  and  also  in  the  upper  part  of  the  clay  bed,  I 
found  numerous  lltlicet  (Filriiur')  aud  P-ptr,  their  interiors  being 
tilled  with  rak-«|>ar.  Tlie  bones  I  recognised  belongr<l  to  the  elr- 
phant  or  maBto<iou  (too  heavy  to  carry  away),  some  large  Ruminauts, 
t«uriniu,  and  Cheloniaus. 

PoKsing  on  in  the  direction  of  Tuniink,  and  at  about  one  mile  from 
Hiikkur-.^lla,  the  stratification  becomes  much  confused  ;  the  acedoM 
uhibit  dcei>-bc<lded,  marly,  yellow  cUys  aud  conglomerate,  possibly 
pliocene. 

Hence  to  Bukkur-.MIa  Pass  al>out  five  miles;  the  clays  here  havr 
l>ren  denuded,  and  the  beds  which  come  to  the  surface  are  oumr 
uf  red  slude  and  clay,  usually  ihiek-bi'dded,  kaiidatone  and  i 
rale,  witii  a  dip  of  from  liU  to  W  to  the  nortb-ctat.  The  beds  of 
ltd  shale  aiul  cUy  t>ring  of  a  soft  and  inmhercnt  oatiot^  M«  tm3j 
aeled  upon  by  the  weather,  aud,  owing  to  degradation,  have  leA  toe 
saudstiMie  UhIs  standing  out  like  walls,  with  the  up|H-r  niargina  m- 
dmtrd  in  a  gruteiKiue,  aud  (>t\eu  castellated  manner.  Thrae  beds 
are  often  of  little  thicluieM,  and  are  occasionally  surmonntrd  by  beds 
of  oonglomerate.  Tliin  foriiuuion  I  bchevc  to  be  eocene  ;  it  is  found 
under  I'srious  cirruiustauces  as  far  as  Jianec-Sung,  uear  the  base  at 
Um  IfurgullM  range  of  mouutaius,  but  always  with  considerable  dip( 
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the  edges  of  the  beds  occasionally  showing  themselves  Bt  the  surface 
all  the  way. 

The  Bukkur-Alla  Pass  is  about  a  mile  from  Tumiak,  and  the 
ascent  mav  be  about  500  feet.  From  this,  towards  the  Murgidlee 
range,  a  plain,  apparently  with  a  somewhat  level  outline  in  a  general 
sense,  but  really  an  undulating  and  often  broken  country,  intervenes ; 
the  whole  distance  beuig  probably  about  sixty  miles. 

Tumiak  is  situated  on  a  pliocene  fornmlion,  which,  witli  many  inter- 
vals, is  traceable  into  Pcshnur  and  even  into  the  Khyber  Pass,  and  I 
think  it  probable  that  the  low  range  of  hills  stretching  along  the  left 
bank  of  the  Jhihim,  from  near  Jnlal{)Oor  towards  Bhiml)er,  belongs 
to  the  same  formation.  Near  Tumiak,  on  the  left  bank  of  the  Suhan 
River,  a  good  section  of  this  formation  is  exposed,  showing  a  de|)th 
of  about  -400  feet.  It  here  consists  of  deep  beds  of  yellow,  marly 
clay,  with  travertine  nodules,  and  exhibiting  near  the  base  of  the  whole 
some  imconnected  beds  of  a  pale  sotl  sni\dslone.  The  clay  beds  arc 
separated  by  thin  beds  of  boulders,  in  some  places  cemented  into  con- 
glomerate; the  lowest  of  these  beds  is  about  10  feet  thick,  and  com- 
(loscd  of  large  boulders.  In  several  places  the  rain-water  has  found 
its  way  through  the  clay  beds  down  to  this  bed,  and,  from  its  sapping 
action  on  the  clay,  has  formed  many  somewhat  circular  deep  funnel- 
sliaped  pits,  some  of  considerable  size,  but  particularly  so  near  the 
escarpment.  The  whole  of  this  formation  is  nearly  horizontal,  and, 
whetlier  in  Peshaur  or  at  other  uitervening  places,  is  in  a  rapid  state 
of  degradation.  In  a  few  years,  geologically  speaking,  it  will  disap- 
pear. During  every  fall  of  raui,  large  quantities  of  debris  are  carried 
mto  the  water-courses  and  rivers,  the  finer  portion  of  which,  I  have 
no  doubt,  contributes  to  the  elevation  of  the  countr)'  near  Mooltaiui 
luid  the  bauks  of  the  Indus. 

llcnce  to  Pukkaderaee  14  "3  miles.  The  pliocene  is  here  cut  into 
deep  ravines,  showuig  perpendicular  sections,  particularly  at  the 
8c race. 

Twelve  miles  and  a  half  farther  on  to  Munikyala,  chiefly  over  the 
pliocene  clays,  but  the  edges  of  underlying  red  shales  and  sandstones 
occasionally  come  to  the  surface.  The  country  round  Munikyala  is 
undulating :  on  lookuig  over  the  surface,  it  appears  like  au  extciisivc 
])lain,  but  it  is  much  broken  and  cut  up  into  ravines. 

Hence  to  Iloornmk,  on  the  left  bank  of  the  Sewaii  river,  ten  miles, 
{wirtly  over  the  same  phocene ;  near  an  old  Seraee,  and  about  the 
sixth  mile,  the  conglomerate  beds,  sandstone,  and  red  shale  are 
pushed  above  the  general  level,  the  sandstone  and  conglomerate 
forming  walls  more  than  1 00  feet  in  height,  with  a  strike  north-east 
and  south-west,  the  dip  from  85°  to  90"  south.  The  red  shales  and 
clays  form  the  thickest  beds ;  and  here  too,  from  the  action  of  the 
eletneuts,  they  have  been  degraded  into  troughs,  and  even  ravines, 
leaving  the  harder  sandstone  and  conglomerate  to  form  either  walls 
aliove  the  general  level,  or  sharp  jtreciuitous  escarpments  to  the  ra- 
vines. However,  in  ibis  neighbourhood,  and  indeed  to  the  Bukkur- 
Alla  Pass,  the  upturned  edges  of  these  beds  have  a  tolerably  equal 
elevation.     Looking  over  the  plain  east  and  west,  the  country  ap- 
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pears  ridged  wit}i  slightly  elevated  lines  and  intervening  hollows. 
These  hollows  are  inaiiv  of  iheui  still  filled  with  the  pliocene  clara 
to  a  level  with  the  upturned  edges  of  the  sandatone,  &c.  The  plio- 
cene is  dccp-bedded  on  both  banks  of  the  Sewan  river  ;  the  conglo- 
merate on  the  right  bank,  deep-bedded  and  held  together  bv  a  cal- 
careous cement,  caps  the  yellow  marl,  and  is  nearly  horizontal. 

Crossing  the  Sewan  to  Ilawul-Piudee,  about  ten  miles :  at  aboat 
the  third  mile,  and  in  the  deeply -excavated  bed  of  a  branch  (or  tribu- 
tary) of  the  Sewan,  I  again  found  the  upturned  edges  of  the  rrd 
shale,  clay,  sandstone,  and  conglomerate,  which  arc  here  nearly 
vertical  ;  the  dip  slight  and  southerly  ;  the  strike  east  by  north  and 
west  by  south. 

In  a  thin  bed  of  conglomerate,  with  red  shale  above  and  b«low  it, 
I  fotind  part  of  a  large  tusk,  which  belonged  either  to  a  mastodon  or 
elephant ;  this  broken  specimen,  in  *ilu,  was  about  '2  feet  in  length, 
4  or  5  inches  in  diameter,  and  stronglv  curved.  I  shattered  it 
to  pieces  in  an  attemjit  to  dislodge  it.  fhe  cement  of  tlie  conglo- 
merate is  verv  hard  and  tingetl  with  the  red  colour  of  the  shale,  as 
was  also  the  Jossil. 

I  noticed  here  that  thin  beds  of  conglomerate  and  sandstone  oftat 
alternated.  The  higher  land  forming  the  buuks  of  the  river  at  thk 
place  are  capped  with  conglomerate  resting  on  yellow  marls,  the 
whole  resting  on  the  edges  of  the  red  shale,  &c. 

I  found  Pupa  and  Hrlicet  in  the  claj'.  Farther  on,  in  the  direc- 
tion of  Hawul-Piiidce,  there  are  sections  of  thin  cUv  '.'<I0  feet  in 
height.  From  tliese  I  collected  numerous  Melanite,  Helix  (or  Fi- 
Iritin),  Puptr,  and  other  terrestrial  or  lacustrine  shells. 

In  the  bed  of  a  small  water-course,  about  a  mile  south-MSt  of 
Rawul-Pindee,  I  again  came  upon  the  red  shales  and  couglomeratd, 
with  the  strike  and  dip  noted  above.  The  conglomerate  and  sand- 
stone here  have  an  intensely  hard  cement,  and  tlie  pebbles  in  the 
former  are  small.  Firmly  imWdded  in  the  weathered  surface  of  these 
beds  I  detected  numerous  fossil  bones ;  I  was  hurried  at  the  time  (on 
the  line  of  march),  and  could  only  disengage  a  few  broken  fragments. 

From  Rawul-I'indee  to  Jiaiiee-Sung,  thirteen  miles  and  a  half:  over 
the  phocene  for  the  greater  jiorlion  of  distance  :  ui  many  places  I  r*- 
marked  large  masses,  or  rather  irregular  rocks  of  travertine,  partly 
or  altogether  disengaged  from  the  vellow  pliocene  clays  ;  and  in  some 
sections  near  Jianee-8ung  I  observed  this  travertine  forming  distinct 
beds  in  the  yellow  marl,  baring  its  upper  portion  soft  and  poroa% 
but  becoming  hsnl  and  »ohd  downwarda. 

From  Jiaui-e-iSuug  one  mUe  aud  a  half  to  the  Murgullee  Pass,  and 
the  range  of  hills  throng)i  which  it  leads;  the  land  gradually  rises  t 
the  surface  is  evr ry where  eorervd  with  liwue  rounded  boulders,  many 
of  which  are  nummutitic  linicstonr.  Sections  obtained  near  the  base 
of  the  Hill-rangr  rxbihitrd  the  same  conglomerates  and  thick-brdded 
yellow  aurU  prrviuusly  noticed.  I  was  unable  to  obtain  any  par- 
ticular uaine  fur  this  range  of  mountains ;  I  shall  therefore  call  it 
the  "  Murgullee  Ilauge,"  from  the  uaine  of  llie  Pass.  Their  direr- 
IJoo  coincides  with  the  strike,  vis.  east  bv  north  and  west  bv  south ; 
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the  dip  southerly,  the  angle  varying  much  at  the  different  points 
examiued. 

Near  the  base  of  the  soiitlicrly  side  I  noticed  some  beds  of  a  coarse 
bard  Uniestoue  of  a  reddish  tint,  coutaiuing  an  abundance  of  broken 
she)U,  all  tinged  with  a  bright  red  colour  :  higher  up  the  hUIs,  which 
are  Umestone,  and  particularly  on  the  uorthern  face,  I  noticed  some 
beds  abounding  lu  Nummulilea,  but  I  detected  scarcely  any  other 
fossils  iu  my  hurried  viait:  a  Pectunculiu  and  gome  Poiyparia  were 
however  found. 

The  part  of  these  hills  visited  is  about  a  mile  east  of  the  Mur- 
gullee  Pass,  and  I  imagine  about  1500  feet  above  Jianee-Sung. 
The  base  of  the  range  here  is  Utile  more  than  a  mile  and  a  half  across, 
but  further  to  the  eastward  the  base  expands,  and  the  mountains  at- 
tain an  elevation  of  2000  to  3000  feet  above  the  country  beneath. 
I  was  informed  also  that,  in  the  same  direction,  sulphur-mines  have 
been  worked. 

The  pUocene  clays  and  conglomerates  are  again  found  covering  the 
northern  base  of  these  raouutiiius  and  filling  tiie  depression  between 
the  Murgullec  hills  and  Ilussun-.Vbdal.  The  latter  place  is  situated 
at  the  foot  of  some  hills,  attauiing  an  elevation  of  1500  feet  above 
the  plain.  F  was  miable  to  examine  the  hills,  but  judging  from 
what  I  saw,  they  are  limestone :  round  their  base  and  on  the  banks 
of  the  river  (a  branch  of  the  Aroo  river)  are  scattered  numbers  of 
water-woni  boulders,  many  of  which  are  granite,  brought  here  in  all 
probability  from  the  mountains  to  the  eastward.  The  gravel  of  the 
Indus,  at  Attock,  also  contains  many  granitic  boulders,  which  have 
been  brought  down  the  stream  from  the  same  direction. 

From  Uussun-Abdal  to  Attock,  about  thirty-five  miles,  for  the  most 
part  over  the  pliocene  formation  ;  it  is  much  broken  and  cut  into  ra- 
vines, some  of  which  widen  even  into  broad  valleys,  now  under  culti- 
vation. At  other  points,  where  disturbing  causes  have  not  affected 
it,  elevated  plains  of  considerable  extent  remain  unbroken  and  with  a 
pretty  level  outline.  The  sections  bounding  these  elevated  plains  are 
usually  abrupt,  but  particularly  so  near  Boorin,  the  height  above  the 
denudation  being  from  200  to  300  feet.  These  sections  often  exhibit 
beds  of  travertine^  which,  when  sand  is  in  excess,  passes  into  a  pale, 
soft,  calcareous  sandstone.  A  fine  Pupa,  now  existing  Tjlentifnlly 
from  the  Jhilum  to  the  Khyber  Pass,  is  fotmd  abundantly  iu  this 
formation  along  with  others  mentioned  above. 

The  Fort  of  Attock  is  situated  on  the  northern  base  of  a  range  of 
alate  mountains,  to  the  age  of  which  I  could  obtain  no  clue.  The 
alate  beds  near  the  foot  of  the  hills  are  svry  dark-coloured ;  higher 
up  the  rock  becomes  paler  and  of  a  blue  tint,  and  is  easilv  split ;  at 
one  place  I  noticed  men  at  work  splitting  it  into  slabs  for  lieadstones 
for  the  graves  of  the  Moosulmauns.  The  phocene  formation  is  found 
round  the  base  of  these  hills,  resting  horizontally  on  the  edges  of 
the  slate.  To  the  eastward  the  action  of  the  Indus  seems  to  have 
destroyed  it  for  a  considerable  distance  iidand  from  both  banks. 

East  and  north-east  from  Attock  there  is  an  extensive  alluvial 
plain,  covered  at  the  time  I  passed  (March)  with  fine  crops  of  grain. 
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Tho  river,  on  rcAcliiiig  Attock,  has  to  force  its  way  throngli  a  narrow 
gorge  betMccu  the  8lat<<  niountaina  which  rise  on  l>oth  bnnks,  and  it 
is  only  necessary  to  imagine  tliis  gorge  clo8e<l,  to  t'onn  MtcnuiTe  lakes 
over  much  of  the  country  where  I  have  noted  the  existence  of  pUocene 
deposits. 

Crossing  tlie  Indus  and  nd  Geedur-guUe«  Pass  to  Akhonu  about 
eleven  miles ; — the  Pass  nearly  half  the  distance  leads  through  a  for- 
mation, cliiefly  slate,  occasionally  showing  tiiin  beds  of  an  altered 
limestone  and  veins  of  uiiartz.  The  licds  are  usually  nearly  rcrtira] ; 
the  din  to  the  south,  with  an  east  and  west  strike.  I  saw  no  foisils ; 
indeed  in  Iwth  going  and  returning  I  was  ubiiged  to  move  on  uuickly. 

Disengaged  from  the  CJeediir-gullee,  at  about  the  fifth  nnlo,  and 
near  the  village  of  Nnwazeenin,  I  again  noticed  the  pliix^ne  forma- 
tion ;  the  Cnubul  river  has  here  cut  it*  way  through  if.  On  the  left 
bank  it  appears  to  be  elevated  and  to  fonn  Koine  low  hills,  rising  .'ilX) 
or  4(H)  feet  above  the  river.  I  was  unable  to  cross  anil  verify 
this  observation,  but  obtained  sections  on  the  right  bank  down 
to  the  slate  rooks.  First,  in  descending  order,  there  is  a  thick  bed 
of  yellow  marl  with  numerous  indi>iduals  of  Mflania,  Pupa,  Ilrlix, 
ami  Vnio,  all  in  a  state  of  decay,  usually  crumbling  to  pieces  on 
being  taken  out.  Uenrath  this  travertine  (kunkur)  there  is  a  bed  of 
couglonierate,  included  in  which  I  found  s<mie  pieces  of  {totterr. 
Next  cnine  yellow  marl  with  Srptaria ;  below  this  a  thick  bed  of 
conglomerate  with  a  calcart<ous  cement,  beneath  which  the  yellow 
marls  were  again  re|>eated.  la  the  lower  conglomerate  I  found  th« 
rib  of  some  Urge  animal  (Camel  ?)  ;  it  was  so  firmly  held  bv  the 
cement  that  I  could  not  free  it  without  fracture ;  tlic  cancr[lat«d 
structure  of  the  Ixme  was  not  entirely  filled  up,  and  its  mineral  state 
would  at  once  refer  it  to  the  most  recent  geological  jwricxl. 

From  Geedur-giiUce  the  slate  hills  recede  southerly  from  the  Caubul 
river,  forming  the  southeni  boundnry  of  the  Peshaur  valley  (or  rather 
basin).  As  far  as  the  eye  could  roacl)  I  traced  the  pliocene  fonnation 
along  their  base,  iht-ply  cut  info  ravines  by  wafer-courses,  and  perhap* 
from  other  causes ;  but,  nlthougb  so  broken,  the  surface-outline  holds 
nearly  the  same  level  thnmghout,  eirept  near  the  Imisc  of  the  moun- 
tain)!, towards  which  there  is  a  slight  and  gradual  rise.  Near  Akhoni 
I  noticed  many  huge  masses  of  an  igneuus  rock  scattered  along  the 
banks  of  the  river,  but  could  not  dia<-uver  whence  they  came.  Sec- 
tioiis  nearer  to  the  town  of  Peshaur  shuwiil  beds  of  the  gravel  and 
ooDglonieratc  thicker,  but  in  other  re>>|icct$  !<iniilar.  Near  Jumrood. 
•nd  along  the  base  of  the  Khyl>cr  mountains,  the  pliocene  clays  are 
replaced  by  l>ouliler  and  gravel,  derived  chiefly  trom  the  Khvber 
range.  The  photvne,  however,  is  found  even  in  the  mouth  of'  the 
Khvber  Puss,  and  the  ca\e  dwellings  of  the  Kiiyherees  arc  excavated 
ill  it. 

Owing  to  the  intractable  and  savage  nature  of  these  |>eople,  it  wm 
impossible  to  examine  the  Hill  country*  ;  I  was  obliged  to  content 

*  Or.  Bow  of  mjr  reeiment,  eager  lo  till  rae,  momiteil  hii  hone,  anil  rode  to  t^ 
fool  of  the  ncarcu  hilu  with  tbr  inuntion  uf  hrlnging  awtjr  tpr<-im«n>  of  t)w 
rock  :  h«  tMil  •cared;  (ul  \hm*  wbM  b«  fotuHl  hiawilf  toddraljr  iu  ibe  miibt  of 
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myself  with  the  most  angular  and  freshly  detached  boulders  nbtnined 
from  the  water-courses  Iciidiug  from  the  mountains.  In  some  of 
these  (limestone)  I  detected  a  small  Sjnri/er,  Orthis  in  abundance, 
a  Tereliratula  l,  and  some  I'nlyparia.  But  I  fear  some  time  will 
elapse  iK-fore  more  conclusive  information  with  respect  to  the  geolo- 
gical history  of  the  Khyber  moimtnins  can  be  obtained*. 

For  these  notes  which  were  made  on  the  roadside,  dnring  the  pur- 
suit of  the  flying  Sriks  by  the  division  under  General  Gilbert,  and 
eventuoUy  to  the  Khyber  Puss,  in  ])ursuit  of  Dost  Mahonnned  and 
Lis  Afghnuns,  I  have  to  crave  some  apology.  I  conld  only  record 
wliatever  came  under  my  observation  on  the  line  of  march,  and  was 
unable  to  devote  the  time  and  nltention  wliii-h  strict  geological  inves- 
tigation demands.  I  believe,  however,  that  I  have  been  able  to  bring 
to  notice  the  existence  of  a  deepbediled  and  extensive  pliocene  forma- 
tion, extending,  with  intervals,  from  the  Jhilum  river  to  the  Khyber 
Pass.  The  formation,  holding  a  westerly  di])  near  Rotas  and  the  vil- 
lage of  Bukkur-AUa  in  which  fossil  bones  were  observed,  I  should 
approximate  to  the  age  of  the  Sewulik  range  of  hills  flanking  the 
base  of  the  Himalayas,  and  which  have  been  so  ably  illustrated  bv 
the  labours  of  Pr.  II.  ralconer  anil  Captain  Cautley.  Dr.  A. 
Fleming,  who  visited  Pind-Diuhni-Klian  and  the  salt-mines,  appears 
to  have  met  with  the  siune  formation  near  Baghauwala  and  Alonnt 
Tillaf.  I  stated  above  that  the  Rotas  hills  were  a  prolongatiou  from 
the  base  of  Mount  Tilla  to  the  eastward. 

The  red  shales  and  clays,  sandstone  and  conglomerate  beds  beneath, 
to  which  I  have  ventured  to  ajjjily  the  term  Eocene,  are,  I  have  reason 
to  think,  the  same  formation  so  productive  of  salt  near  Pnid-Dadnn- 
Khan.  It  is  tnie  that,  with  the  exception  of  fossil  bones,  I  foun<l 
nothing  in  these  beds  to  enable  me  to  identify  them  ;  but  Dr.  He- 
ining'saccoimtof  the  salt-yielding  shales  J  leads  me  to  this  eonelusioii. 
Further,  I  believe  that  the  rerl  shales  near  Snliathoo  belong  to  the 
same  series;  and  this  observation  gathers  weight  when  we  remember 
that  .salt§  is  obtained  from  the  red  shales  of  the  Mundee  district,  on 
tlie  right  bank  of  the  .'>utlege,  within  fourteen  miles  of  Helaspoor  and 
hardly  fifty  miles  N.N.W.  of  Snbathoo.  Dr.  II.  Falconer  in  a  letter 
to  me  states  that  he  found  these  red  shales,  &c.  between  Nahu  and 
the  Choor  mountain,  about  sixty  or  seventy  miles  south-west  of  this 
(Snbathoo),  and  also  mentions  his  suspicion  that  they  correspond  in 
sgc  with  the  red  shales  and  limestones  noticed  by  him  in  the  salt 
range  of  the  Upper  Puiijaub. 

I  contiimed  my  expUiratinn  of  Snbathoo  and  its  vicinity  during 
the  last  cold  season,  and  can  now  with  certainty  state  that  fossil 

■rmH  Khybereea ;  they  fired  at  liira,  anil  during  his  hostr  flight,  the  liorse  refusing 
■  leap,  he  was  thrown ;  fortunately,  however,  he  again  cauglit  hia  horse,  and 
c»cat)eil  without  injury. 

•  l)r.  Falconer  obtained  specimens  of  .^iri/er,OrMi»,  and  other  paltpozoic  forms, 
from  thevp  nioiMiiaius  soiiif  vcan*  ago. 

t  Hrff  Calf.  Journ.  As.  Sw.,  No!  205.  p.  G73.  J  Vic.  cit. 

i  This  salt  is  called  Goomba ;  it  is  very  dark-coloured  and  impure  ;  luitch  fine 
gravel  is  often  diffused  through  its  sulratance,  some  of  the  grains  ot  wliich  have  an 
orgaaic  appearance  {Forammifero  ?). 


I 
N 


^ 


■46 


PROCEKDimM  OT  TBK  GXOLOOICAL  SOCIKTY. 


[Dec. 


bones,  but  particularly  SAuriiin,  are  to  be  found  over  an  are«  of  ten 
miles ;  I  have  found  them  in  the  red  shale,  in  a  bluish  pale-colouf«d 
shale,  and  in  the  limestone  beds.  The  hluisli  shale  passes  gradually 
into  the  limestone  beds,  and  the  fossils  are  similar ;  they  are,  how- 
ever, very  ill  preserved  in  the  shale  and  oAen  recognised  with  diffi- 
culty. 

I  hope  at  a  future  time  to  he  able  to  give  a  more  minute  account 
of  my  present  locality,  Subathoo. 


2.  Oh  the  Silurian  Rocks  of  Dumpriessbirk  and  KiRRcmK 
BRinHTSiiiRE.  Br  R-  Harkness,  Esq.  Communiealtd  bf 
J.  C.  Moorf,  E»q.,  Secretary  G.S. 

In  addition  to  the  detrital,  8u[)erlicial  deposits  of  sand,  gravel,  and 
clav,  the  geological  fonnations  of  the  county  of  Dumfries  consist, 
in  descending  order,  iif  a  red  sandstone,  the  age  of  which  is  not  vet 
det<>rmined,  of  coal-fields  and  carbonileruus  Umestoue,  and  of  Silurian 
ntcks. 

Tlie  greater  part  of  the  county  (excepting  always  many  niaatcs  of 
trap  nx'k)  is  iudee<l  exclusively  occupied  by  rocks  which  I  consider 
to  be  of  Silurian  age,  and  which  cover  an  area  more  than  twice  the 
■ice  of  that  possessed  by  the  other  formations  conjointly.  Tlie  Silu- 
rian formation  is  exhibited  in  few  natural  seclious,  the  country  over 
which  it  {irevails  consisting  in  a  great  measure  of  comparatively  low 
undulating  hills,  covered  with  soil  and  debris.  The  ooone  M  th* 
rivers,  moreover,  which  drain  the  district  being  iu  a  greRt  meaiDN 
through  valleys  filled  with  the  newer  deposits,  it  is  chiefly  in  the 
smaller  brooks  that  such  natural  sections  can  he  obtained,  as  afford 
an  insight  into  the  constituents  of  the  Silurian  rocks.  These  and 
the  cuttings  of  the  railways,  combined  with  a  few  small  quarries,  are 
the  principal  means  by  which  the  rocks  are  exjmscd  ;  and  conse- 
quently it  requires  a  considerable  extent  of  country  to  [>e  traversed, 
and  a  number  of  brook -courses  to  be  examined,  before  any  idea  can 
be  formed  on  the  nature  and  relation  of  these  deposits. 

The  term  yreyicacke,  as  it  is  generally  uined,  well  expresses  the 
mineral  nature  of  the  rocks  whicli  compose  the  Silurians  of  Dum- 
friesshire, whether  these  rocks  assume  a  schistose  or  a  granular  eh*- 
ractcr  ;  but  the  term  *latr  is  totally  inapplicable,  inasmuch  as  do 
tnir  slatv  cleavage  has  hitherto  been  discovered  amongst  them. 
Orrywacke  is  not,  however,  the  exclusive  composition  of  tlie  mineral 
masses  ;  for  in  some  localities  soft  shale,  resenibhtig  in  every  rrsp«vt 
tlie  shalek  of  the  coal  formations,  is  found.  Resides  this  suA  sliale, 
beds  of  anthracite  occur  ;  and  so  intimate  is  the  connection  between 
the  latter  and  the  soft  shales,  that  the  one  is  a  coiutant  concomitant 
of  the  other. 

Anthracite  and  Graptolite  Sekitt*. 

Fir»t  b*Hd. — Commencing  near  the  mountain  of  IlBrtfcll,  one  of 
the  highest  iu  the  south  of  Scotland,  and  near  the  junction  of  Doia* 
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friesshire  with  Peeblesshire,  there  are  seen  in  a  rivulet,  running  along 
the  soiith-westcm  Ijase  of  the  hill,  shales  and  anthracite  beds.  These 
occur  near  the  chalybeate  spring,  and  are  well  seen  in  the  course  of 
the  brook  below  thi^  spot.  Immediatelv  below  the  mineral  spring 
the  shales  cross  the  brook ;  and  here  tliey  consist  of  thin-bedded 
layers  of  a  dark  grey  colour.  lu  following  the  brook  downwards  the 
anthracite  aj)pcars,  and  in  it  a  horitoutal  shaft  has  been  driven.  This 
deposit  consists  of  thin  beds,  which  are  very  much  traversed  by  rents 
in  diflFerent  directions,  and  intersected  by  numerous  thin  veins  of 
quartz.  The  dip  both  of  the  anthracite  and  of  the  dark  shales  is 
indistinct,  both  being  much  contorted,  the  latter  also  being  greatly 
affected  by  movements  which  have  produced  slickenside  surfaces. 
The  strike,  however,  is  well-marked,  and  has  an  E.N.E.  ami  W.S.W. 
direction.  Independent  of  the  contortions  in  these  beds,  it  is  pro- 
bable that  they  have  a  N.N.W.  incUnation  at  a  high  angle,  that 
being  the  prevaihng  dip  of  the  greywacke  in  the  hills  which  lie  both 
north  and  south  of  this  locality.  The  relative  position  of  the  anthra- 
cite and  the  shale  to  each  other  appears  to  be,  that  the  former  is  an 
inferior  deposit  upon  which  the  dark-coloured  shales  repose.  Amongst 
the  anthracite  beds  portions  of  Graptolites  are  sometimes  met  with  ; 
but  these  are  not  in  general  well-marked.  In  the  overlying  shales 
similar  fossils  occur  in  great  abundance  and  in  a  fine  state  of  preser- 
vation. They  are  referable  to  the  genera  Griiptolite*  and  Diplo- 
grap»i»,  and  the  species  found  in  this  locality  are  mostly  of  this 
latter  genus. 

In  following  the  direction  of  the  strike  of  these  beds  of  shale 
and  anthracite  to  the  S.W.,  we  come  upon  a  narrow  bond  of  red 
sandstone  in  the  higher  portion  of  the  vale  of  the  Annan  ;  after  tra- 
versing this,  we  again  meet  the  greywacke  of  the  Silurians  ;  and  at 
a  bmall  bum  called  Uawkshaw  Linn,  the  dark  shales  and  anthracite 
beds  also  present  themselves.  At  this  locality,  which  is  about  four 
miles  along  the  strike  from  that  previously  mentioned,  the  same  de- 
scription of  strata  occurs  ;  the  shales  have,  however,  a  redder  aspect 
and  the  incUnation  is  more  distinct.  Continuing  in  the  same  direction 
we  find  the  shales  and  anthracite  crossing  the  river  Evan  at  a  place 
called  Rittenside  ;  and  a  mile  S.W.  of  Uawkshaw  Linn,  at  Greskin, 
in  a  cutting  of  the  Caledonian  railway,  we  come  upon  the  same  beds. 
In  some  intercalated  beds  of  compact  greywacke  which  here  occur, 
orbicular  bodies  are  found  which  seemed  to  resemble  Crustacea  of 
the  genus  Cy there  \  but  they  prove  to  be  concretions  only.  The 
mclinatiou  of  the  strata  is  here  very  distinct,  being  towards  the 
N.N.W.  at  a  high  angle;  a  short  distance  below,  in  the  course  of 
the  river  Evan,  the  dip  is  only  30°  N.N.W.  S.S.W.  from  this  loca- 
lity, at  the  west  base  of  the  Rivox  Hill,  the  shales  are  again  seen  ; 
and  here  their  appearance  was  such  as  to  induce  a  former  tenant  to 
sink  a  shaft  of  considerable  depth,  under  the  impression  that  they 
would  yield  coal. 

About  six  miles  from  this  spot,  in  the  same  direction  over  the 
hills,  the  shale  and  its  concomitants  are  again  exposed  about  half  a 
mile  from  the  Shepherd's  house  at  Branrigg,  in  a  small  brook  which 


48 


PROCKEDTNG8  OF  THK  CKOLOCICAI.  SOCTCTT.         [Dm.    1. 


niiis  in  a  S.E.  dirrctinn  from  thf  hnxe  nf  T,ittlc  QiuTiislicrry  to  the 
Ae  Water,  lii  tin-  conrsp  of  this  brook  the  strata  are  Wi-ll  dfvt- 
loi>c(],  and  are  inelined  in  the  usual  X.N.W.  diriM-lion  ;  lliev  mnsiisl 
of  anthracite,  grey  shale,  black  shalr,  and  thin  hands  of  soft  »hitt» 
shale,  almost  reiu'nddin^  clay.  These  be<L»  arc  traxcnied  with  nuiiir- 
rous  fissure*  and  tilickcn^tides,  8i)  as  to  be  in  a  great  rncnsiirc  frag- 
mrntary.  Grapto/itrs  occnr  Ln  Iwth  the  grey  and  the  black  shalr, 
but  not  in  the  white.  'Hicy  arc,  however,  mon'  ahntnUnt  in  the 
hlnck  shale,  and  arc  commonly  converted  into  iron  pyrites.  This 
shale  has  a  strong  tilvptic  ta.ste,  owing  to  the  decom|>ositiou  of  the 
irfjn  pyrites  and  the  nrotlnction  of  sulphate  of  iron.  Al«ive  these 
dc|to«iis  a  series  of  tiiiu-lM-dded,  light  drub-coloured  shales  prevail, 
which  are  also  fragnuMitary,  and  gi-nrrally  iliiidcd  into  rhondioiiUl 
portions  by  fissures.  Tlu-sc  boiU  ilip  at  an  angle  of  tiif^  N.N.W., 
and  have  Jarkn'olourcd  grnptolilic  shale  inlerstratified  in  their  higher 
])ortiou8 ;  no  fossils,  however,  arc  to  be  seen  in  the  drnb-oilourrd 
shales. 

After  crossing  the  rnnje  nf  hills  *cparnting  the  .\e  from  the  Bran, 
the  nnthrncilc  and  shnli-s  ore  again  met  with  in  the  course  of  a  Small 
hnxjk  which  joins  the  Hrnn  at  n  s|Hit  culled  Ww-fall  Clcugh. 

Seciinil  Rami. — Kclnrning  again  to  near  the  iwint  where  the  f^p- 
tolite  l>eils  were  first  docribed,  we  finil,  near  Uirkhill,  eastwards 
from  Ilartfell  at  Dobbs  Linn,  where  Dumfriesshire  and  SclkirkKhirr 
join,  similar  beils,  extensively  developed,  and  nresciiting  all  the  ch.i- 
racters  that  indicate  the  anthracite  and  hlnck  slialcs.  On  a  line  ijar- 
allel  to  that  In-fore  mentioned,  and  seven  mill's  S.W.  of  Doldiii  Lmn, 
we  meet  with  a  continuation  of  this  l)ed  in  the  itinrse  of  the  French- 
Innd  liurii,  near  MolTiit  ;  here  firapto/ilei)  are  found  in  considemhle 
quantities  in  the  dark-colourcil  shale.o.  The  brook  runs  along  the 
strike  of  these  strata  until  it  approaches  the  Frcnchland  Tower, 
where  the  red  sandstone  makes  its  np|M-arancc,  nnder  which  the  an- 
thrncite  Iwils  extend  in  a  W.S.W.  direction.  The  inclination  of  these 
beiU  is  in  the  usual  N.N.W.  conrifc  at  a  high  angle,  and  the  hill, 
filing  immediately  on  the  north  side  of  this  br(K)k,  and  consisting 
of  grcywacke  sanuatone,  has  its  strata  dipping  in  the  same  direction 
■t  ail  angle  of  7U\  In  a  quarrv  on  the  liuntcrheck  farm,  a  short 
distance  to  the  south  of  Frenchland  Uuni,  the  In-ds  are  ct>m|iOM-J  of 
flne-Kr*io<'<l  grvywacke  sandstone  with  inlcrcnlated  shales,  dipping 
N.N.W.  at  an  angle  of  73''.  Annelid-like  impressions,  with  vermi- 
cuUr  and  other  iiidcfiuitc  markings,  occur  on  the  faces  of  some  of 
the  beils. 

AAer  passing  under  the  red  sandstone  the  graptolite  heils  art 
Mgiiiu  iM<en  at  (iarpool  Linns,  alMmt  a  mill)  north  from  Deatnek. 
SouUi  of  this  the  inelinati<m  Ix-comes  contused,  and  below  the  iunc- 
lioa  of  (he  tiaqKiul  with  the  Kvnn,  in  the  latter  stream,  the  dip  ia 
towards  the  K.S.K.  at  an  angle  of  7'^' ;  the  rock  consisting  of  ml 
and  grry  grevwacke,  shale,  and  greywacke  sancUtouc. 

Between  tiiis  locality  and  Moffat  a  trap  dike  of  considerable  mag- 
uttude  occurs,  which  is  well  e\tio«e<l  in  tne  quarries  of  tVvates  Hill. 
This  may  probably  have  been  the  cause  of  the  local  disturbance  in 
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tliis  neighbourhood.  My  attention  was  directed  to  this  dike  by  Sir 
Roderick  Murchison,  who,  seeing  that  its  course  to  the  S.E.  paiised 
by  Craig  Fell  Hill,  thought  it  would  probably  be  found  to  proceed 
from  the  great  mass  of  trap  near  Langholme. 

At  Duff  Kinnell,  not  far  from  Rac  Hills,  and  at  several  other  spots 
in  the  neighbourhood,  the  same  anthracite  and  shales  are  found. 
One  species  of  Graptolite  (C  Sedgwichii)  occurs  here  in  great 
abundance  and  of  large  sac  ;  other  species  also  are  found,  but  not  in 
such  great  numbers.  The  dip  in  this  locality  is  more  to  the  westward 
than  commonly  prevails,  being  at  an  angle  of  50''  W.N.W.,  and 
consequently  the  strike  of  the  beds  between  this  and  Beatock  has  a 
more  north  and  s^mth  direction.  In  the  bed  of  the  river  Kinnell 
the  same  direction  of  dip  prevails  amongst  the  purple  and  greywacke 
sandstones  which  are  there  exposed. 

In  the  Glenkiln  Bum,  in  the  parish  of  Kirkmichael,  about  eight 
miles  north  from  Dumfries,  we  also  find  these  graptohtic  beds.  In 
the  lower  portion  of  the  brook,  and  below  where  the  anthracite  occurs, 
fine-grained  greywacke  sandstone  is  met  with,  dipping  N.N.W.  at 
an  angle  of  55°,  the  beds  varying  in  thickness,  and  interstratified  with 
red  and  purple  shales.  Higher  up  the  brook,  beds  of  a  similar  na- 
ture are  seen,  but  the  inclination  is  only  30°.  Above  these  the  dip 
again  becomes  55° ;  and  here  are  seen  hard  shaly  anthracite  beds, 
[eluding  softer  shales,  and  resting  apparently  immediately  upon  the 

^ywacike  sandstone.     In  these  deposits  Graptolitet  are  occasionally 

n,  including  G.  \icoli. 

In  some  portions  of  the  anthracitic  shales,  small  nests  of  a  black 
carbonaceous  matter  resembling  soot  are  frequent.  These  strata  are 
much  contorted,  and  traversed  by  thin  veins  of  white  quartz  ;  they  also 
present  the  slickenside  appearance  so  common  to  this  deposit.  Im- 
mediately above  the  anthracite  a  shivery  greywacke  is  seen,  imper- 
fect in  its  stratification ;  succeeding  this  are  regular  stratified  beds 
similar  to  those  which  occur  lower  down  the  brook,  dipping  at  an 
angle  of  -10°  N.N.W.  ;  above  these  lies  a  dark,  shivery,  slickensided 
shale,  not  anthracitic,  in  which  GraptoUlea  occur  in  great  quantities. 
Above  this  shale  a  bed  of  greywacke,  similar  to  that  which  overlies 
the  anthracite,  is  met  with.  This  is  succeeded  bj-  regularly  bedded 
strata,  similar  to  those  in  the  lower  parts  of  the  brook-course,  and 
having  an  incHnation  towards  N.N.W.  at  an  angle  of  45°.  Above 
"  ese,  thin  bods  of  greywacke,  with  interstratified,  soft,  purple  shales, 
'egated  with  a  greenish  grey  colour,  are  found,  dipping  N.N.W. 
at  an  angle  of  37°. 

The  stratified  deposits  along  the  course  of  this  brook  afford  a  good 
eiample  of  the  general  character  of  the  rocks  which  make  up 
the  Silurians  of  Dumfriesshire.  But  the  sequence  of  the  deposits 
cannot  here  he  made  out,  as  several  faults  intersect  the  strata  and 
entirely  destroy  all  traces  of  conformity.  For  instance,  in  the  lower 
portion  of  the  burn  we  have  the  anthracite  without  its  overlying  dark 
shales ;  and  higher  up  we  find  the  dark  shales  without  the  under- 
lying anthracite.  The  shivery  character  of  some  of  the  gre}'wacke 
strata  indicates  the  position  of'^the  lines  of  fault. 

VOL.  VII. PART  I.  E 


^-liavi 
^^^es 
"*arii 


so 


PHOCZKDINGS  OP  THK  GEOLOGICAL  BOCIETY.  [DeC,  4,1 


To  the  west  of  this  point  the  direction  of  tliis  line  of  dark  ahale* 
aiid  anthracite  becomes  obscured.  It  is  probable,  however,  that  after 
traversing  the  moorlands  to  pass  mider  the  red  sandstone  of  the 
lower  portion  of  the  vale  of  the  Nith,  it  is  this  same  band  which  re- 
appears in  the  Stewart  rv  of  Kirkcudbright,  near  Shawhead,  in  the 
parish  of  Kirkpatrick  Irongrey  ;  then,  following  the  course  of  U»e 
range  of  hills  which  runs  through  the  north-western  part  of  tliat 
parish,  reappears  again  at  Larghill,  in  the  pari<h  of  L  rr,  at  which 
place  also  a  norizontal  shaft  has  been  driven  into  it  in  search  of  cual. 
From  hence  it  continues  westward,  and  is  found  cxiKised  in  a  brook- 
course  near  Largnairn,  in  the  parish  of  Kirkpatnck  Durham,  and 
bere  also  coal  has  been  sought  for  in  it.  It  reapiiears  afterwards  at 
a  place  called  Coal  Ileugh,  near  the  river  Tarfi,  in  the  parish  of 
Tonguelaud,  aliout  ten  mili-s  E.S.E.  from  the  last-nientioned  locality. 

Third  Band. — Keturning  again  to  the  borders  of  Selkirkshire  to 
trace  another  band, we  meetwith  the  anthracite  beds  and  the  graptolitie 
shales  about  four  miles  south  of  Doblis  Linn,  near  Wind  Fell.  They 
occur  along  the  course  of  a  brook  called  Selcoth  Hnrn,  which  runs  into 
the  Moffat  Water  from  the  eastward.  About  two  miles  east  of  the 
iunctinn  of  these  streams  is  a  sjiot  called  Craigmichean  S<-arrs,  and 
here  we  have  the  anthracite  devclojjcd  to  a  nnich  greater  extent  than 
at  any  other  locality.  Commencing  at  tlie  lower  part  of  the  bum,  grey- 
wacke  sandstone,  intercalated  with  shales  and  dipping  N.N.W.  at  an 
angle  of  about  7'^",  continues  for  about  a  mile  to  wriere  a  small  ritulet 
enters  from  the  north.  Here  the  character  of  the  dci>osits  cltaagea 
entirely,  and  the  anthracite  and  shales,  with  and  without  Graptolit4$, 
occur.  The  hill!>  formed  by  the  anihracitic  strata  in  this  neighboar- 
hf)od  present  a  wide  difference,  both  in  contour  and  vegetation,  from 
the  grej'wacke  hills  surrounding  them.  They  are  very  barn-n,  and 
are  aomewhat  conical  in  form,  having  pointed  simimits,  and  thrir 
aide*  are  covered  with  the  det)ris  of  the  broken  and  decom|>osrd 
ahalea,  tlirough  which  are  thrust  pvramidid  and  buss-shaiied  i)m»<4 
of  anthracite.    Hence  the  wild  and  desolate  scenery  of  Cni'  i 

Scarrt.  The  springs  which  issue  from  the  lower  uarts  ol 
an  atrmcly  impregnateil  with  hydrous  peroxide  oi  iron,  and  have  a 
Tellow  OMOur.  The  pisifonn  concretions  of  iron-pyrites  were  found 
l»ere  in  a  fragment  of  one  of  the  shales,  and  Groptnlite*  are  also  to  be 
met  with,  but  they  arc  far  from  common ;  it  might  l>c,  however,  that 
the  beds  containing  them  in  the  greatest  abundance  are  covereil  up 
by  tlie  dtliris  of  the  shale.  The  anthracite  is  here  much  contorted  ; 
it  it  al*o  harder  than  usiul,  and  is  traversed  in  all  directions  by 
small  veins  of  (juartz.  We  also  tind  the  anthracite  in  the  Bell  ('raig 
Burn,  about  four  miles  E.S.E.  from  Craigmichean  Scarrs.  The 
lower  |>ortion  of  this  bum,  which  joins  the  riter  Aniuui  fVoui  the 
north-east,  in  the  |>ariah  of  Kirkpatrick-Juxta,  is  occupied  by  the 
red  sandstone  ;  but  about  half  a  uiile  above  the  Bell  Cnug  Linus  the 
anthracite,  nith  its  accompanying  shales,  b  seen.  The  course  of  the 
brook  cuts  these  beds  obliquely,  and  affords  good  sections  of  the 
strata.  The  lower  parts  consist  of  the  contorted  anthracite,  wltich  is 
overUid  by  more  rrgtilariy  bedded  ahales,  abounding  in  Graptolittt, 
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and  having  intercalations  of  compact,  l)luish-grey  greywacke,  of  an 
almost  semi-metallic  aspect.  In  this  bed  obscure  traces  of  urganisms 
occur.  Besides  the  small  concretionary  bodies  like  Cyihere  (as  at 
Greskin  and  Crai<jmichean  Scarrs),  there  are  also  sinuous  markings, 
and,  in  considerable  abundance,  long,  thin,  flexuous,  tapering  bodies. 
The  Graptolite*  here  are  well-marked  and  abundant ;  the  indii  iduals 
of  some  of  the  species  are  of  a  large  size,  one  being  traced  tlirough 
several  fragments  of  shale  for  more  than  18  inches  withont  showing 
either  of  its  extremities.  They  do  not,  however,  occur  in  the  bed 
which  affords  the  concretions  and  markings,  but  are  confined  to  the 
earthy  shales.  The  dip  of  the  deposits  here  is  the  same  as  that 
which  commonly  prevails,  va.  towards  the  N.N.W.  at  a  high  angle. 
Of  this  line  of  anthracite  and  graptolitic  shale  we  have  no  furtlier 
traces  after  it  ])Bsees  under  the  red  sandstone  at  Bell  Craig  Linn. 

General  Remarks  on  the  Anthraeite  and  Graptolite  Bed*. 

From  the  foregoing  description  of  the  position  of  these  anthracite 
beds  and  gra])tolite  shales,  and  the  direction  which  they  take,  it  will 
be  seen  that  three  distinct  and  well-marked  courses  occur  in  the 
county  of  Dumfries.  These  bauds  are  in  a  great  measure  parallel  to 
each  other,  the  average  distance  between  the  bauds  being  abont  two 
and  a  half  miles,  and  although  they  cannot  be  traced  to  the  same 
extent,  it  is  probaljle  that  their  relation  to  each  other  is  such,  that 
they  were  originally  portions  of  the  same  dejiosit. 

Of  the  most  northerly  baud,  from  the  point  where  it  makes  its 
appearance  in  Dumfriesshire  to  the  locality  where  it  is  lost  sight  of, 
the  distance  is  about  twelve  miles  in  a  direct  line.  The  second  trn- 
Terses  an  extent  of  about  twenty  miles  between  Dobbs  Linn  and  the 
Glenkila  Burn.  If,  as  1  think,  it  be  the  siaine  which  reapj>enr3 
again  in  Kirkcudbright,  and  passes  through  that  county  for  more 
than  twenty  miles,  its  course  can  be  traced  for  about  lit'ty  miles,  in- 
cluding the  inten-al  which  occurs  between  Glcnkiln  and  Shawhead, 
in  which  it  runs  under  the  red  sandstone  of  the  lower  jiortioti  of  the 
vale  of  the  Nith.  The  extent  of  the  southerly  band  is  much  less 
than  either  of  the  other  two,  not  exceeding  five  miles ;  but,  as  this 
one  disappears  under  the  red  sandstone  of  the  higher  part  of  Aiiiinn- 
dale,  and,  if  it  reappears  again  on  the  opposite  side  of  the  vale,  nmst 
occur  amongst  a  series  of  Silurian  rocks,  constderalily  metamor])hosed, 
ita  course  as  an  antliracite  bed  and  graptolitic  shale  must  be  much 
shortened  westward.  The  length  of  these  lines  on  the  east,  beyond 
the  county  of  Dumfries,  I  have  not  yet  been  able  to  ascertain,  not 
having  examined  the  geology  of  Selkirkshire ;  but,  from  their  a]i- 
pearauce  when  they  enter  Dumfriesshire,  it  is  probable  that  they 
traverse  the  whole  of  the  country'  lying  eastward,  and  their  persist- 
ency is  such,  that  it  is  by  no  iiieaus  unlikely  that  they  run  through 
the  whole  of  the  Silurians  of  the  south  of  Scotland,  except  when 
igneous  rocks  have  interfered. 

The  position  of  these  bands  b  probably  attributiiblc  to  a  succes- 
rion  of  faults,  which  run  through  the  district  in  a  lUrection  parallel 
to  tlie  strike  and  range  of  the  chain.     The  section  at  Glenkiln  Bum 
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iodicAtes  that  these  trm- 
Tersr  the  Silurians  at  short 
distances  from  each  other, 
the  result  of  a  repeated 
throwing-down  of  the 
strata  in  a  N.N.W.  direc- 
tion. The  effect  of  these 
faults  has  lieon  to  bring 
up  at  intervals  the  anthn^ 
cite  beds  and  the  graptoUt« 
shales ;  the  consequent* 
being  a  re|>etitiou  of  the 
same  beds  in  three  parallel 
bands,  as  we  hare  before 
seen. 

In  some  rases  the  lines 
of  fault  appear  to  run  im- 
mediately through  ]>art8  of 
the  anthracite  beds,  for  we 
find  those  so  affected  ■•  to 
show  that  they  hare  been 
contiguous  to  the  forcM 
which  produced  the  up- 
heaval and  depression  of 
the  strata;  this  is  indicated 
hy  the  flt^ures  which  the 
anthracite  suffers,  end  the 
slickensided  character  of 
the  dark-culotirt'd  shales. 
Many  other  iHultH,  how- 
ever, s*>cin  to  occur  which 
have  not  exposed  the  foa- 
sihferous  portion  of  this 
part  of  the  Silurians. 
These  arc  shown  by  the 
polished  appearance  which 
some  uf  the  faces  uf  the 
finer   ljed.n   of   grevwacke 

{ireseut,  and  which  ui  some 
ocalitie8,niorc  particularly 
when  nietsmorphic  action 
has  l)con  at  work,  have 
proflucfd  upon  the  facet 
of  the  rocks  a  black  bur- 
nished aiiiM>ct,  similar  to 
what  woiilil  have  resulted 
from  the  (lolishing  of  any 
of  the  more  indurated 


I 
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■Booth  surface  with  plumliagn.     In  the 

roda.  these  faults  sc<-in  in  gmeral  to  have  eansed  a  sliding  action  of 

Ute  ftrau  along  the  planet  of  the  l>eds,  rather  than  a  general  break- 
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ing-np  of  the  deposits ;  but  iu  the  case  of  the  soft  shales  aiid  the  an- 
thracite, there  appears  to  have  been  considerable  strain,  by  means  of 
which  these  beds  were  broken  up  and  contorted, 

The  almost  constant  effect  of  these  faults  has  been  to  gire  the 
strata  a  N.N.W.  dip.  In  some  localities  there  are,  however,  inclina- 
tions varying  from  this ;  but  these  occu]i\'  a  very  small  area,  and  are 
only  indications  of  small  local  oscillations,  and  soon  give  place  to  the 
prevailing  dip  ;  and  so  general  is  the  direction  of  the  faults  along  the 
course  of  the  strike,  that  in  the  Stewartry  of  Kirkcudbright,  where 
igneous  rocks  abound  from  whence  veins  both  of  granite  and  por- 
phyry emanate,  the  course  of  these  veins  is  almost  uuiversally  that 
of  the  range  of  the  strata. 

Having  seen  the  intimate  coimection  which  exists  between  these  fos- 
siUferous  bands,  the  question  presents  itself,  as  to  what  portion  of  the 
Silurians  are  they  referable.  The  organisms  which  are  found  in  the 
greatest  quantities  are  Graplolitet ;  and,  sinc-c  these  are  but  low  in 
the  scale  of  Radiata,  it  is  probable  that  they  may  have  an  extensive 
geological  range,  as  we  tiuil  Graptoliten  Ludensia,  Murch.,  ranging 
from  the  Ludlow  rocks  to  the  Llaiidi-ilo  flags.  Some  of  these  fossils 
appear  to  be  more  restricted  in  their  position,  and  particularly  that 
portion  of  the  group  which  are  foliaceous  and  have  serraturcs  on  both 
sides.  To  these  latter  fully  one  half  of  the  species  which  occur  in 
Dumfriesshire  apjiertjun,  and  consequently  they  mark  to  a  certain 
extent  the  position  of  the  deposits  in  which  they  abound.  .Vmongst 
the  Irish  Silurians  in  which  (Irajdolitfa  are  met  with.  Colonel  Port- 
lock  considers  those  beds  which  contain  such  as  have  serratures  on 
one  side  only,  as  hnng  beneath  the  deposits  which  afford  such  as  have 
a  foliaceous  character ;  and  I'rof.  Nicol,  applying  the  same  principle 
to  the  graptolite  beds  of  Peeblesshire,  considers  that  the  dejjosits  at 
Griestou  tiuarry  ui  that  county  are  referable  to  the  Llaudeilo  flags, 
and  that  the  beds  described  by  Mr.  Moore,  luid  occurring  in  AVigton- 
shire,  in  which  foliaceous  Oraptnlitet  are  foimd  along  with  three 
species  which  have  serratures  oidy  on  one  side,  similar  to  some  of 
those  at  Grieston,  occupy  a  higher  position  than  the  Peeblesshire 
fossils.  With  regard  to  the  Dumfriesshire  Graptolites,  they  seem, 
with  the  excejjtion  of  one  or  two  species,  to  be  distinct  from  any  of 
those  which  ha\e  been  jirocured  either  from  Grieston  or  M'igtou- 
shire ;  and,  on  the  whole,  the  foliaceous  group  is  so  well  developed, 
as  to  place  them  in  a  higher  position  than  even  those  of  the  hitter 
locality.  I  am,  therefore,  induced  to  consider  the  deposits  which 
they  occupy  as  the  equivalents  of  the  Caradoc  sandstone. 

The  general  mineral  nature  of  the  deposits  which  represent  the 
Silurian  rocks  in  this  county  consists  of  greywacke  sandstone  and 
indurated  shales,  as  before  stated.  These  arc,  however,  with  some 
slight  modifications,  the  common  characters  of  the  whole  of  the  Si- 
lurian formation  in  the  south  of  Scotland,  and  have  originated  in  the 
same  causes  which  have  produced  the  sandstones  and  shales  of  other 
geological  formations. 

Of  the  peciUiar  feature  of  this  deposit  in  Dumfriesshire,  viz.,  the 
anthracite  bed  and  its  overlying  dark  shales,  the  origin  is  not  alto- 
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grtber  evident.  Wc  fiud  amongst  none  of  the  beds  any  tmrra  of 
fossils  to  which  can  be  referred  the  thick  deposit  of  anthracite — no 
fiicoids,  nor  any  remains  of  regetubles  of  any  dc$cription  ;  and  yet 
there  can  be  httle  doubt  that  tliis  siib^itance  b  the  resuh  of  gom« 
kind  of  vegetation  which  flonriglied  <luring  the  ejioch  of  the  Caradoc 
aandstone. 

Sir  Roderick  Murchison  refers  the  anthracite  scliists  of  ScandinaTia 
to  hirge  forests  of  alga:  and  fuci  which  originally  existed  in  the  Si- 
hirian  seas  of  that  rtgion,  and  which  have,  "  from  their  ready  decom- 
i>08ition  and  the  great  changes  which  the  sediments  have  undergone," 
lost  all  traces  of  their  original  forms.  'Ilic  large  portion  of  carbon 
which  is  found  in  the  dark  shales  above  the  anthracite,  and  to  which 
they  owe  their  colour,  se<'ms  to  corroborate  the  o])inion  as  to  the 
readiness  with  which  fucoids  may  have  been  decomposed.  Prof. 
Nicol  has  also  found  small  fragments  of  this  substance  ainougst  the 
Grieston  slates  on  which  "  some  markings  occur  which  may  hare 
been  alga"  \  but,  from  the  ashes  of  the  anthracite,  he  is  di.>ipose«l  to 
refer  the  plants  which  have  constituted  it,  to  a  higlier  cUsa  of  v(c«- 
tation  than  fucoids.  Mliatever  may  liave  been  the  origin  of  ttiia 
anthracite,  there  can  be  no  doubt  that  the  deposits  which  imme- 
diately succeeded  it  had  iu  the  first  instance  the  nature  of  black  mud, 
and  that  this  mud  owed  its  composition  in  part  to  an  addition  of  the 
remains  of  deromposeil  organisms.  Such  a  muddy  matrix  doubtleaa 
ntfordeil  a  suitable  habitat  for  the  Graptolite*,  the  remains  of  which 
are  now  so  plentifully  entombed  in  it,  and  which,  from  the  decompo- 
sition of  the  iron  pyrites,  into  wliich  they  were  converted,  are  now 
furnishing  the  chalybeate  and  saline-sufphureous  springs  of  th« 
county  with  their  nu-diciual  properties. 

SHurian  Fo»*ih  of  Kirkcudbrightthire  and  the  petition  in  tfchiek 
tkey  oetur  at  the  eastern  entrance  of  KirkcMdhright  Bay. 

Some  time  ago  Lonl  Selkirk  presented  the  Geological  Society  with 
a  suite  of  fossils  which  had  been  collected  by  Mr.  Fleming,  of  the 
Kirkcudbriglit  Academy,  on  the  east  side  of  the  bay  of  Kirkcudbright, 
and  these  fossils  were  named  by  the  Geological  Surrey. 

The  locality  at  which  these  fossils  occur  is  called  Kalmar,  and  ia 
at  the  point  which  marks  the  easteni  termination  of  the  bay.  Uerc 
the  remains  are  found  in  three  different  8])ots.  The  one  furthest  to 
the  east,  near  the  headland  called  Howell  Point,  aiforda  a  dark- 
coloured  greywacke  flagstone,  in  which  one  species  of  Gr«ptolit«  is 
found  in  great  pn>fusion,  to  the  exclusion  of  any  other  species ;  this 
appears  to  be  Ine  (1.  Lvdmrit,  Murch.  Amongst  these,  OrfAoeerata 
aiao  are  met  with  in  consideraitle  i|nanlities,  the  species  consisting  of 
O.  Sri/gtfirlni,  Forbes,  O.  annu/alum.  Sow.,  and  O.  tmuiritietum, 
IVirtlock.  These  are  the  only  fiiissils  which  occ<ir  at  this  s|>ot ;  tbt 
beds  which  lie  above  and  bcliiw  the  fossilifrnjus  strata  consisting  of 
the  usual  tiiie-);rnuied  greywacke  itandsloue. 

A  idiiirt  di«iiince  to  the  wcttward  of  this,  at  a  point  railed  Gipaj 
llead,  other  fowils  are  to  bf  found  in  strata  which  differ  >erv  mate- 
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rially  from  the  usual  beda  of  the  Silurians  of  the  district.  The  deposit 
here  consists  of  a  soft,  grey,  shivery  shale,  iu  which  nodules  of  lime- 
stone aboiwd,  and  hi  tuese  nodules  the  fossils  are  commonly  to  be 
met  with.  A  list  of  these  fossils  is  given  at  poge  20(i  of  the  fourth 
volume  of  the  Quarterly  Jounml  of  the  Geological  Society.  Since 
they  were  examined  by  Mr.  Salter,  three  other  fossils  have  been 
added  by  Mr.  Fleming,  which  he  had  not  then  obtained — two  species 
of  Favoaite*  and  a  Catenipora.  This  sluile  with  its  imbedded  no- 
dules is  overlaid  by  thin-bedded,  fine-grained  greywacke  sandstone, 
and  a  similar  deposit  occurs  below  it.  Still  further  to  the  west,  and 
within  the  entrance  of  the  bay,  another  bed  of  fossils  is  found.  The 
strata  here  are  composed  of  dark  greywacke  flags,  resembUng  those 
at  Howell  Point,  and  in  these  also  GraptoUtes  occiu-.  The  most  com- 
mon species  is  tlie  G.  LwlentU,  Murch.  ;  but  along  with  it  the 
G.  tteniu.  Sow.  and  Salter,  and  G.foliaceus,  Murch.?,  both  fbimd  iu 
Wigtonshire,  are  met  with. 

The  stratification  of  the  Silurians  in  this  neighbourhood  is  well- 
marked,  the  strike  being  in  an  east  and  west  direction.  The  strata, 
however,  are  much  confused  as  to  dip,  sometimes  inclining  north- 
wards at  a  iiigh  angle,  and  at  some  places  southward,  with  numerous 
instances  of  perpendicular  strata  in  the  intcn-nls.  The  most  pre- 
vailing dip  appears  to  be  towards  the  south,  the  nearer  we  approach 
the  coast :  tne  strata  along  the  bay,  being  traversed  by  ililces  of 
felspar-porphyry  and  trap,  owe  their  confusion  of  dip  to  this  circum- 
stance. Taking  the  prevailing  inclination  ns  southward,  we  have, 
so  far  as  the  fossiliferous  beds  are  concerned,  first  and  lowest,  a  de- 
posit containing  three  species  of  Graplofiten,  but  from  which  other 
organic  remains  are  excluded.  This  bed  rests  upou  greywacke  flags 
and  saudstone  of  a  light  grey  colour  aud  more  earthy  character  than 
the  Dumfriesshire  greywacke,  aud  thnu  that  also  which  is  met  with 
in  the  more  northerly  parts  of  Kirkcuilbright.  These  beds  in 
their  lower  portions  are  intersected  by  numerous  dikes  of  igueous 
rock.  Above  these  lower  graptolite  flags  we  have  grej-wacke  sand- 
stones and  flags  of  considerable  thickness,  devoid  of  fossils ;  but 
resting  on  these  is  a  soft  grey  shale,  with  limestone  nodules,  con- 
taining fossils  of  different  kin<U.  Above  this  second  bed  the  higher 
graptolite  flags  with  Orthocerata  occur,  separated  from  the  middle 
bed  by  greywacke  flags  and  sandstones  of  comparatively  little  thick- 
ness. No  beds  superior  to  these  are  exjjosed ;  but  to  the  east,  near 
Netherlaw  Point,  the  representatives  of  the  mountain  limestone  are 
seen  between  the  Silurians  and  the  sea ;  and  at  Mullock  Bay,  near 
the  point  of  contact  of  these  two  formations,  GraptoUtes  occur  iu 
the  former  rock,  similar  to  those  at  Howell  Point. 

Tl»e  general  character  of  the  fossils  in  the  deposits  about  Batmae 
is  such  as  to  indicate  an  intimate  relation  between  the  Weirlock  shales 
and  this  portion  of  the  Silurian  ;  and  as  the  beds  here  are  highly  in- 
cUned,  aud  as  a  cousiderable  distance  also  occurs  betwi-en  the  fossili- 
ferous deposits  and  the  purphyritic  district  on  the  north  of  the  jiarish 
of  Kirkcudbright,  which  is  occupied  by  the  Silurian  formation  tra- 
versed aud  altered  by  igneous  rocks,  it  is  proljable  that  in  this 
inten^al  some  of  the  representatives  of  the  Lower  Silurians  may  be 
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found  much  metamorphoMd,  and  deprived 
of  all  traces  of  organic  renimius. 

CoHcludinjf  Remark*  ok  lAe  SiluriaH 
Rocka  of  Dumfriesthire,  and  of  the 
Smith  of  Scottanil  yenrratty. 

Oil   the  south  giilc  of  the  i)or])li_VTitic 
district  of  Kirkrudbriglit  the  proailing 
S  r^  €     ^'P  '"  *<>"'hward  ;  the  same  direction  alao 

\  ^^  2      obtains  on  the  south  !iide  of  the  granite 

^     of  (.'riifrl,    amongst   the    Silurian   rockt. 
CiMU      ^      On  the  north  side  of  thcsr  igneous  niaMvs 
nmiiiu.    a-     ^^  usual  N.N.W.  incUuatioii  occurs,  aud 
r  ^C:?  '      this  incUualiou  is  the  common  dip  of  tbe 

'iti   "d,  i      strati Aed  de|>osits  of  Kirkcudhriglit.ihiith 

'     L  1^  2      except  where  they  are  disturbed  by  tjM 

intruiiion  of  igneous  rocks.  Following 
this  south  dip  in  an  easterly  direction  w» 
meet  with  it  in  Dunifnesshire,  in  tb« 
parishes  of  Tortliorwald,  Mousewald, 
Locliniabeu,  aud  Dalton,  in  which  loca- 
lities the  Silurians  have  their  southern 
hniit.  The  range  of  hills  here  is  distinctly 
marked  by  characters  which  i>how  that 
some  change  takes  place  in  the  iuclioa- 
tion,  their  steep  aud  precipitona  ndM 
being  towards  the  north  with  gi-ntle  siopei 
southward.  At  Barlouth,  in  the  parish 
of  Tortliorwald,  about  a  mile  south  of  the 
high  road,  tlie  diji  is  siiuthward,  at  an 
angle  of  lb',  tbe  rock  consisting  uf  a  fiu<s 
graiued  greywacke,  with  intercalated 
J  ^  3      shales,  considerably  metamorphosed.  th« 

J;  W^  %    shale  being  dis)iosed  to  break   at    right 

4  ^a  ^-     angles  to  the  planes  of  dei>o«ition  rather 

^'  ^a  ^     than    to   split    along   the    lamina;.       At 

J  ^S  ».     Cleugh  Brae,  in  the  parish  of  Mousewald, 

we  have  a  s«'ctioii  of  the  Siluriniis  well 
shown  in  a  small  brook.  Here  the  rock 
dips  S.S.E.  at  au  angle  of  7-<".  and  coimsts 
of  the  same  altered  shale  aud  greywarke 
sandstone  as  occurs  in  the  |Mrish  of  Tor- 
thorwald.  On  the  hills  above  Rammer- 
srales,  in  the  parish  of  Dalton,  the  same 
dip  and  rook  prr\ail,  and  these  may  be 
traced  eastward  until  they  cross  the  river 
Antuui  at  linn  Mills,  where  the  strata  arc 
exposed,  and  have  an  inclination  towaidl 
the  (oath  at  an  angle  of  72°.  At  Lockerby.  in  the  railway  cutting 
tbe  tame  dip  is  seen,  and  from  thence  it  appears  to  e&teiul  eastward 
along  the  course  of  the  Silurians. 
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From  these  south  uiclinations  of  the  strata  along  tlie  southero 
margin  of  the  Sihirians,  and  from  the  N.N.W.  dips  which  succeed 
them  on  the  north,  it  is  evident  that  au  anticlinal  axis  traverses  the 
range  near  its  southern  extremity  ;  and  this  axis  seems  to  have 
resulted  from  the  granitic  eruption  of  Criffel,  which  has  split  the 
strata  in  an  east  and  west  direction,  and  elevated  the  deposits  along 
this  luie  of  fracture.  Fruui  the  same  cause,  in  all  probahihty,  origi- 
nated the  immcrous  faults  which  run  along  the  equivalents  of  ine 
Caradoc  sandstone  in  Dumfriesshire.  In  that  portion  of  the  Silurian 
chain  which  occurs  in  the  southeni  parts  of  Peeblesshire  we  have  the 
south  dip  again  prevailing ;  so  that  it  appears  that  between  the 
N.N.W.  inclinations  of  Dumfriesshire  and  the  south  dips  of  the 
former  county,  there  runs  a  svnclinal  axis ;  and  according  to  Prof. 
Nicol,  a  northerly  diji  prevails  along  the  nortliem  boutulary  in 
Peeblesshire,  showing  the  occurrence  of  a  second  anticlinal  axis  near 
the  northern  boundary  of  the  Silurians  in  that  county. 

Many  local  variations  from  the  usual  inclinations  are  met  with  in 
different  parts  of  the  chain  ;  one  for  instance  is  seen  in  Dumfries- 
shire, in  the  cutting  of  the  Glasgow  and  South-western  railway,  about 
five  miles  east  from  Dumfries ;  and  as  this  is  the  most  southerly 
exposure  of  the  Silurians  in  this  county,  the  section  is  one  of  con- 
siderable interest.  The  railway  here  is  cut  through  the  southern 
base  of  an  outlving  hill,  called  the  Howthat,  which  forms  a  sjinr 
from  the  general  direction  of  the  chain.  Commencing  at  the  west 
eud  of  the  cutting,  we  have  beds  of  indurntcd  shale,  considerably 
metamorphosed,  each  bed  being  about  tlirtc  inches  in  thickness, 
dipping  S.S.E.  at  an  angle  of  70°.  This  dip  contijiues  for  some 
distance,  and  as  we  proceed  eastwards  the  shale  has  thin  beds  of  fine- 
grained greywacke  sandstone  intercalated  in  it,  the  faces  of  the  sand- 
stone bchig  in  nuuiy  cases  ripple-nmrkcd.  Those  beds  afterwards 
assume  a  perpendicular  position,  and  soon  the  inclination  is  towards 
the  N.N.W.  at  a  high  angle.  Further  east  the  beds  agahi  become 
per(iendicular,  and  near  the  end  of  the  section  the  strata  show  tine 
instances  of  flexures,  which  are  succeeded  by  a  S.S.E.  dip. 

Taking  a  general  view  of  the  Silurians  of  the  south  of  Scotland, 
our  present  information  would  lead  me  to  conclude  that  they  afford 
the  representatives  of  this  system  arranged  as  follows,  viz. :  On  the 
south  margin  the  ^\'cnloek  shales  are  indicated  by  the  Balmae  beds, 
which  have  a  south  dip.  Then  passing  over  a  district  occupied  by  the 
granitic  axis,  having  on  each  side  metamorphic  rocks,  we  come  upon 
theequivalentsof  the  Caradoc  saud.'itone,  having  a  continuous  N.N.W. 
dip,  and  appearing  to  extend  through  the  centrnl  portion  of  the  chain. 
To  the  north  the  Llandeilo  flags  are  represented  by  the  graptolite 
and  trilobite  beds  of  Peeblesshire,  described  by  Professor  Nicol. 

With  regard  to  the  ages  of  the  axes  of  this  formation  there  exists 
considerable  difiiculty.  The  granitic  and  porphyritic  eruptions  of 
Galloway  must  have  taken  place  after  the  deposition  of  the  Wenlock 
shales,  because  this  deposit  has  been  thrown  up  by  these  igneous 
rocks  ;  and,  as  we  have  no  trace  of  this  portion  of  the  Silurians  on 
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the  north,  deuudatiou  may  probably  have  rcniovc«l  it.  It  U  likdj, 
however,  that  at  a  comparatively  recent  geological  epoch  consider- 
able  changes  ha^c  token  place  aniougst  tlie  Silurians  of  DumfiiM- 
shire,  for  we  find  several  small  isolated  patches  of  the  red  sandatonc 
resting  imconfonnably  uj>on  the  fonner,  the  dij)  and  position  of 
which  would  lead  us  to  conclude  that  during  the  formation  of  that 
deposit  portions  of  the  Silurians  had  bet-n  subjected  to  agrncin 
which  modified  their  original  contour,  ai)d  which  gave  to  the  orer- 
lying  sandstone  its  isolated  character. 


3.  Description  0/ /A^Graptolites /o«n<f  in  the  Bimck  Sbaues  0/ 
DuMFKiKssuiRK.    By  K.  Bareness,  Esq. 

[Communicated  b;  J.  C.  Moore,  En).,  Sec.  G.S.] 
[With  a  Plate.] 

The  Graptolites  occurring  in  Dumfriesshire  present  three  well- 
niarked  generic  types :  1st.  Those  which  consist  of  a  tinglr  trrie*  of 
cells,  united  together  at  the  base,  and  also  adhering  along  the  sides 
nearly  to  the  orifice  of  each  cell, — the  cells  being  attached  in  an 
oblique  manner  to  the  axis  ;  to  these  the  imme  Graptolites  is  by 
common  consent  appUed,  and  they  form  the  first  soctiou  of  that 
genus,  MoHoprioH,  according  to  the  arrangement  proposed  lateljr  hy 
M.  Barraiide.  2nd.  Those  which  have  a  foliacrous  appearance,  and 
ui  which  the  cells  are  in  tteo  series,  arranged  along  a  central  axis, — 
features  which  characterixe  the  genus  Dip/offrapsis  of  M'Coy*.  and 
the  second  section  of  Graptolites  (Diprion)  of  Barrande.  3rd.  Those 
in  wliich  the  axis  is  n^luced  to  a  mere  line,  on  which,  at  compara- 
tively wide  intervals,  the  cells  are  placed,  and  generally  in  a  position 
but  slightly  inclined.  The  complete  isolation  of  the  cells  is  the 
distinguishmg  character  uf  this  genus,  to  wliich   M.  Barrande  baa 

S'ven  the  name  of  Rastriles.     AU  these  three  forms  occur  in  the 
strict  under  renew. 

Coitceming  the  nature  of  Graptolites  and  their  relation  to  modem 
■peciea  of  xoophytes,  it  would  apjK-ar  from  the  general  character*, 
that  the  foliaceous  siK-cies  (section  Diprion,  Barrande)  are  not  far 
removed  from  the  nio<leni  genera  Peniiatula  and  f'irgularia.  They 
possess,  in  common  with  theiie,  a  solid  central  axis,  which  in  some 
cases  is  fomid  extruding  much  below  the  |>oIype  cells.  A  similar 
axis  also  m-cun  iu  the  two  genera  mentioned,  and  the  mode  of  ar- 
raugemeut  of  the  cells  in  two  series  is  also  a  common  character.  In 
the  CMe  of  some  species  of  Dipritm  there  is  a  difference  in  the  form 
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*  Alllie  Meetin|[  nl  the  Brilith  Auocialioo  *t  Edinbargb.  in  Julr  1850, 1  litt 
was  rwd,  drtwD  np  liv  I'rof.  MCoy,  of  fuurtcen  tpecir*  of  Gnptolitrj  from  the 
SUsrim  rock*  of  ibr  toulh  of  Scviltml.  lie  bu  tincr  kimUy  sent  the  pUte  in 
wUcli  kit  new  tpede*  are  ARiirMl,  am)  enabled  u>  to  iiivnti/v  two  of  Ihrm  with 
van.  It  ia  tboaghl  thai  figum  of  the  other  specie*  from  ihit  little-known  diilnet 
win  eel  be  aaecMpiable. 
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of  the  cells,  according  to  the  pusitiou  wliich  they  occupy,  an  oecnr- 

*rence  similar  tliereto  behig  met  with  in  the  genus  Vir(jularia,  in 
■which  the  cells  wvax  the  ba.se  undergo  consldernble  modilicntiou. 
As  regards  Graplolitu  proj)er,  and  Rastriteg,  their  existing  ana- 
logues are  not  so  well  ascertained.  On  the  whole,  they  appear  not 
far  removed  from  the  modern  genus  Sertularia,  and  partake  rather 
of  the  characters  of  hydroid  than  asteroid  zoophytes  *. 


I 
I 
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Rastrites,  Barrande. 

1.  R.  PEREGRiNus,  Barr. 

Pl.  I.  fig.  1  (and  2  ?). 

(Barrande,  Grapt.  Biihm.pl.  3.  f.  10-13.)  Syn.  G.  tpiralit,  Gcinitz, 
Neues  Jahrb.  1842,  pl.  10.  f.  28. 

The  extreme  thinness  of  the  portion  on  which  the  cells  are  placed 
is  very  characteristic  of  this  species.  It  commonly  apjiears  devoiil 
of  any  trace  of  a  central  CAiial,  but  occasionally  an  individiud  may 
be  found  in  which  a  depression  is  seen,  such  as  would  result  from  the 
collapsing  of  the  sides  after  the  internal  portiou  had  been  removed. 
It  has  generally  a  cun-ed  form,  Imt  (unless  fig.  '2  belong  to  the  same 
species)  only  small  portions  hove  been  obtained,  and  therefore  the 
nature  of  the  young  part  is  uncertain.  The  cells,  which  are  some- 
times on  the  couvex  and  sometimes  on  the  concave  side  of  the  curve, 
are  placed  at  right  angles  to  the  axis,  and  are  far  removed  from  each 
other.  They  are  much  thicker  than  the  axis  which  supports  them. 
lu  some  rare  cases  they  apjiear  to  increase  in  breadth  from  their  base 
upwards ;  a  character  also  rejiresented  in  Geinitz's  figure  above 
(piotfd.  A  well-marked  line  runs  iJong  the  length  of  each  cell,  the 
result  of  compression,  the  cells  being  hollow.  In  a  line  there  occur 
about  four  cells,  measuring  at  their  base.  The  extremities  of  the  cel- 
lides  when  these  are  situated  on  the  convex  side  of  the  axis  are  remote, 
but  when  they  occur  on  the  concave  side  they  are  approximated  to 
each  other.  This  species  is  generally  converted  into  iron  pyrites,  and 
shows  no  traces  of  its  external  envelope.  The  locality  where  it  is 
found  most  commonly  is  in  the  course  of  the  Little  Queensberrj*  Burn  ; 
but  it  likewise  occurs  in  other  jmrts  of  Dumfriesshire  where  the 
graptolite  shale  is  mot  with. 

Fig.  2  is  in  its  inner  or  younger  portion  very  like  this  species,  see 
the  magnified  figure  at  2  4;  in  the  older  part  (2  c)  the  canal  is 
broader  ;  this  specimen  therefore  seems  interniedialc  between  R.pere- 
jfrinus  aud  our  next  species. 

2.  R.  TRiANGULATUS,  Harkness. 
Pl.  I.  fig.  3. 
This  species  when  perfect  is  spirally  rolled,  and  the  younger  por- 

•  I  Iiave  to  express  my  ohligations  to  M.  Barrande  and  Mr.  Salrer,  who  have 
extmined  the  Dumrriesshire  Graptolites ;  and  to  whom  1  am  indebted  for  nttnj 
important  obtervationi  coDceriiing  them. 
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tion  sliows  some  difference  from  the  adult.  M  the  apex  the  cellulea 
are  smaller  aiid  have  a  partially  reclined  fonn.  In  the  adult  portion 
they  are  directed  oiitward.s,  and  the  axis  seems  to  be  broader  than  ia 
common  in  this  genus.  This,  however,  is  caused  by  the  base  of  the 
cells  being  enlarged  and  brought  near  together.  They  grow  rapidly 
narrower  from  the  base  to  the  opposite  extremity,  and  have  thus  • 
triangular  form,  whence  the  specific  name.  A  depression  nms  along 
each  cell  similar  to  that  occurring  in  the  preceding  specin. 

In  the  adult  |)ortion  the  number  of  cells  in  tico  line*  is  five.  Oar 
specimens  present  a  shining  pyritous  surface,  and  no  trace  of  the 
external  covering  is  manifest.  Tliis  form  is  common  in  the  shale  of 
the  Frenchkiid  Burn  near  Moffat,  and  also  at  Bell  Craig  Linns. 

Graptolites,  Linnaeus,  Beck,  &c. 

1.  Grapt.  Sedgwickii,  Portl. 
Pl.  I.  fig.  4.  Natural  size  and  magnified. 

(Portlock,  Geol.  Report,  pl.  19.  figs.  1,  2,  3,  6.) 

Polypidom  straight  and  of  considerable  length  ;  the  apex  apjiearii 
to  attenuate  rapidly.  The  young  portion  seems  to  present  no  d: 
ference  from  the  adult,  except  in  having  the  cellules  of  smaller  sixe. 
In  well-preserved  speciuicus  a  linear  axis  is  seen  running  along  the 
uian;iii  of  the  polypidom.  The  canal  is  about  as  broad  as  the  teeth, 
which  at  their  extremity  are  rounded,  and  turn  slightly  downwards. 
The  mouths  of  the  cellules  are  remote  from  each  other,  and  from  the 
lower  part  of  them  a  long  spine  emanates.  In  an  individual  exceed- 
ing the  twelfth  of  an  inch  in  breadth,  the  number  of  cellulca  in  *n 
inch  is  twenty. 

M'hcn  in  a  good  state  of  presen-ation,  this  fossil  consists  of  carlio- 
noceous  matter  ha\iiig  a  sliiiiing  ajinearance  and  smooth  surface  ;  it 
is  met  with  iu  great  abundance  in  the  course  of  the  Duff  Kiunell,  a 
small  rivulet  near  Rae  IlilU,  about  twelve  miles  from  Dumfries. 

This  is  figured  afresh,  to  show  the  long  spine  projecting  from  the 
tip  of  the  cell.  The  form  of  the  cells  is  not  well  dhown  in  Port* 
look's  figure.  The  urigiiul  sjvH-imens  have  been  coYnpared  with  mine. 

The  |H)sses!uon  of  a  spine  gives  this  grnptolite  somewhat  of  the 
chiiracter  of  the  6'.  colonut  and  (i.  lltilli  of  Barraiide.  The  length 
of  the  spLue  is  greater  than  in  either  of  these  two. 

2.  OnArroi^iTES  Becki,  Barr. 
Pl.  \.  fig.  5.  Natural  size  and  magnified. 
(Barr«ude.  loc.  eit.  pl.  3.  fig.  14  to  18.) 

G.  lobifrrv;  MToy.  .\nn.  &  Mag.  Nat.  Hist.  fol.  vi.  270  j   C«t. 

WoodMardiaii  Museum,  pl.  1  B.  tig.  3. 

This  graptoUte  is  generally  of  great  sixo ;  b  one  insUnrc  a  speci- 
men was  traced  which  «xcee<ied  IH  inches  in  letigth.  allhoiigh  neither 
Uie  base  nor  the  apex  was  discovered.  I'he  iu«li%iduals  which  I  have 
hitlurto  met  with  are  straight,  and  sonir  portions  which  are  of  smaller 
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size  appear  to  sliow  that  there  is  n  gritJual  tapering  towards  the  aj>cx, 
the  younger  portion  of  the  indindiial  having  the  cellules  of  smaller 
size  than  the  adult  part.  In  the  adult  portion  some  traces  may  be 
detected  on  the  dorsal  margin  of  a  fine  axis,  and  the  inten'al  between 
this  and  the  cells  is  about  one  half  of  the  breadth  r>f  the  latter.  The 
cells  are  directed  outwards,  having  a  slight  inclination  upwards. 
They  are  adherent  to  each  other  only  at  their  base,  and  as  they  pro- 
ceed outwards  their  ends  are  distinct,  a  considerable  space  occur- 
ring between  them.  The  cells  narrow  upwards,  and  then  suddenly 
swell  toward  their  termination  into  a  rounded  and  curved  knob,  on  the 
lower  side  of  which  is  the  mouth.  No  appendage  is  found  at  the 
extremity  of  the  cells.  In  an  individual  exceeding  a  line  in  breadth, 
the  number  of  cells  was  about  twelve  in  an  inch ;  in  others  of  the 
same  breadth  this  number  was  exceeded,  and  sometimes  fewer  oc- 
curred, the  space  separating  them  being  of  various  breadths. 

All  the  specimens  of  this  graptolite  were  converted  into  iron  py- 
rites, and  the  state  of  preservation  is  imperfect,  the  most  common 
appearance  being  that  of  a  white  impression,  the  residt  of  the  decom- 
position of  the  sidphate  of  iron.  The  locality  which  aifords  it  in 
greatest  abundance  is  the  Bell  Craig  Bum  near  Moffat. 

3.  Graptolites  Nicoli,  Harkness. 

Pl.  I.  fig.  6.  Natural  size  and  magnified. 

This  species,  which  1  have  met  with  only  in  a  fragmentary  state, 
appears  from  its  breadth  to  be  of  considerable  size,  and  to  have  a 
straight  form.  The  portions  which  I  have  obtained  partake  of  the 
characters  of  the  preceding  species,  from  which  it  is  distinguished 

■  only  by  the  cells  passhig  directly  outwards,  and  having  no  mcUna- 
tion  to  the  common  canal,  but  being  at  right  angles  thereto.  It 
wants  also  the  pedunculated  form  of  cell  which  marks  Grapt.  Beclci, 
these  being  nearly  of  regular  thit^kiicss  from  the  base  to  near  their 
rounded  extremity.  It  is  usually  converted  into  iron  pyrites,  and 
imperfectly  preserved,  and  occurs,  in  com])any  with  the  preceding  one, 
at  the  Beil  Craig  Bum ;  also  at  GlenkUn  Bum,  about  seven  miles 
north  of  Dumfries. 

It  is  probable  that  the  difference  in  the  form  and  position  of  the 
cells  above  described  are  not  sufficient  to  establish  a  specific  fhsthic- 
tion  between  this  and  the  G.  Bee/,i,  but  it  is  thought  worth  while 
to  figure  itj  as  at  least  a  remarkable  variation. 

t4.  Graptolites  Nilssoni,  Barr. 
P  Pl.  I.  fig.  7.  Natural  size  and  magnified. 

(Barrande,  loe.  cit.  pl.  2.  figs.  16,  17.) 
In  this  species  the  polypidom  is  very  thin,  sometimes  straight,  and 
sometimes  slightly  cujred.  The  specimens  in  my  possession  do  not 
show  the  young  portion.  In  some  individuals  traces  of  an  axis  are 
seen  along  the  dorsal  margin,  and  the  space  between  this  and  the 
base  of  the  cell  is  of  greater  breadth  than  the  celliUes  themselves ; 
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but  Ultiuilly  the  cclU  are  at  least  equal  to  the  canal  in  hreailih,  the 
latter  showing  a  depressed  line  extending  along  its  whole  length, 
probably  due  to  compression.  The  cells  have  an  upward  direction, 
and  are  very  remote  from  each  other,  looking  merely  like  notches  at 
intervals  along  the  edge.  The  upper  edges  of  the  cells  arc  straight, 
and  the  opening  apparently  at  right  angles  to  the  axis.  The  num- 
ber of  cells  in  an  inch  is  about  twenty,  but  there  is  a  slight  variation 
in  different  indiWduals,  those  which  are  cune<l  having  more  cellules 
in  a  given  sj)Rce  thnu  those  which  are  straight.  It  otvurs  iu  coiui- 
derahle  quantities  in  a  small  brook  which  runs  from  the  base  of 
Little  Queensberry.  Here  the  shale  has  a  styptic  taste,  owing  to 
the  decomposition  of  iron  pyrites,  of  which  this  fossil  is  composed. 
Like  the  generality  of  pyritous  fossils,  there  is  no  trace  of  the  exter- 
nal covering. 

Tlic  Grapf.  Xiltgoni  of  Darrande  has  such  close  resemblance,  that 
we  cannot  ap|)Iy  n  new  name.  It  is  quite  )>ossible  that  both  this  and 
the  Bohemian  species  may  belong  to  G.  tenuis,  Portlock,  or  at  lenat 
to  that  figured  as  such  by  Hall  (Pnlifout.  New  York)  ;  but  l*ort- 
lock's  original  specimen  is  (luite  indeterminable,  and  it  seems  best 
fur  the  present  to  retain  M.  ue  Barrande's  nAme. 

5.  Graftolites  incisus,  HarkncM, 

Pl.  \.  fig.  8.  Natural  size  and  magnified. 

Prionotut  lagittarivt,  Hisinger,  Leth.  Suec.  t.  35,  Sup]>.  f.  6.  ? 

Oidy  a  small  portion  of  this  species  has  been  obtauied,  and  tiuit 
being  only  an  impression,  many  of  the  characters  arc  obscure.  It 
seems  to  have  been  of  large  size  and  straight,  with  a  well-develoucd 
axis.  The  s]iace  between  this  and  the  i-ells  is  very  broad,  exceeoinc 
that  of  any  other  s|>ecics  found  in  Dumfrie.Hshire.  The  cells,  which 
imperfectly  shown  in  the  specimi-n,  have  an  upward  directiou, 

1  •  very  oblique  position.  The  mouths  of  them  are  distant,  but 
the  enda  are  not  distinctly  shown ;  if  a  short  spine  projected  from 
tliear,  it  would  be  diAicult  to  separate  this  fragment  from  Hisinger's 
species.  The  number  of  cells  in  an  inch  is  al>out  eiKbteen,  and  the 
thickness  of  the  interval  between  the  cells  and  the  aon*l  margin  is 
about  the  tuell'kh  of  an  inch. 

Locklit^.  Bell  Craig  Burn  near  Moffat. 

Besides  these,  there  are  two  or  three  more  species  of  this  section 
tojwably  abundant,  but  too  imperfect  to  name. 

Subgeniu  DiPRiON,  Itarraude  {Diploprapnt,  .M'Coy). 

1.  D.  I'KN.NATCS,  Harknrss. 

Pl.  I.  fig.  9.  Natural  size  and  magnified. 

In  this  the  central  column  is  broad  and  slightly  convex,  with  a  cen- 
tral axis  stronger  and  more  promhtent  than  ts  usual  in  the  foliaceoos 
Gnptolites.  Oulv  a  (tortionof  the  tWil  is  seen,  neither  its  lower  nor 
upper  extremity  iieiug  shown.   As  no  sttentution  is  visible,  it  is  pro- 
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bably  of  considerable  size.  Tlie  thickness  of  the  central  canal  ex- 
ceeila  the  breadth  of  the  cells,  and  these  are  directed  outwards  and 
strongly  recurved,  their  mouths  distant ;  the  number  of  them  in  an 
inch  is  about  twenty,  and  they  are  well  separated  firom  each  other. 
The  external  covering  appears  to  have  been  smooth,  portions  of  shining 
carbonaceous  matter  bemg  found  on  its  surface.  It  is  of  rare  oc- 
currence in  the  Duff  KinncII,  associated  with  the  G.  Sedgwickii.  It 
is  somewhat  like  the  D.  prisfis  of  Portlock,  with  which  it  has  been 
compared,  but  that  species  has  much  closer  cells,  and  they  are  not 
recurved. 

2.  D.  NODOSU8,  Ilarkness. 
Pl.  I.  fig.  10.  Natural  size  and  magnified. 

In  this  species  the  polypidom  is  rectilinear  and  flattened,  and  is 
but  slightly  attenuated  towards  the  apex,  the  upper  portion  differing 
but  little  from  the  lower.  The  axis  occupyiuf;  the  middle  of  the 
central  column  is  well-developed  and  comparatively  strong,  and  the 
space  separating  the  two  series  of  cells  apjicars  in  a  great  mca.sure  to 
be  filled  up  bv  it.  The  breadth  of  the  central  column  is  less  than 
that  of  the  cells,  wliich  are  directed  outward.'*,  and  have  the  mouths 
widely  separated  from  each  other.  The  linse  of  the  cells  is  broader 
than  the  mouth,  which  is  rounded,  and  a  marginal  depression  occurs 
just  within  the  edge  of  the  cells,  perhaps  due  to  the  state  of  preserva- 
tion. The  number  of  cells  in  an  inch  is  about  sixteen,  and  the  breadth 
of  the  polypidom  in  the  adult  portion,  including  the  cells,  exceeds  the 
twelfth  of  an  inch. 

This  species  is  converted  into  iron  pyrites,  and  the  nature  of  the 
external  surface  is  not  evident.  It  is  rare,  the  oidy  locality  in  which 
I  have  found  it  being  in  the  course  of  the  Bran  Bum,  about  thirteen 
miles  north  of  Dumfries. 


3.    D.  RECTANGXJLARIS,  M'Cov. 

Pl.  I.  fig.  1 1.  Natural  siite  and  magnified. 

(M'Coy,  Catalogue  of  the  Woodwardian  Museum,  pl.  1  B.) 

We  have  only  fragments,  though  the.se  are  abundant,  of  a  species 
resembling  in  tlie  outline  of  the  cells  the  species  above  quoted. 
LocaUties.  Frenchland  Bum,  Moffat,  and  other  places. 

4.  D.  FOLitiM,  nisinger,  sp. 

Pl.  I.  fig.  12.  Natural  size  and  magnified. 

(Hisinger,  Leth.  Suec.  tab.  35.  Supp.  fig.  8.) 

This  pretty  species,  in  the  close  approximation  of  the  cells  and 
their  general  direction,  is  very  like  the  species  above  quoted,  but  the 
length  of  the  individual  cells  is  not  so  great,  and  our  specimens  are 
consequently  not  so  broad  and  obtuse  as  the  Swedish  species.  Hi- 
singer's  figure  docs  not  show  the  close-set  lines  which  traverse  the 
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cells  in  the  direction  of  the  growth  ;  but  these  appearances  may  b* 
due  to  diffcrciit  degrees  of  preser\-ation,  a:id  Mr.  Salter  has  seen 
specimens  of  1).  folium  in  which  they  are  quite  conspicuous,  and 
believes  the  species  identical. 
Locality.  Little  Queeiubcrry. 

5.  D.  roLiACEi78,  Murchlson,  tfA 

Pl.  I.  fig.  13.  Natural  size. 

(MuTchison,  Sil.  Syst.  nl.  26.  f.  3  ?)  G.  folium,  Salter.  Gcol.  Jo 
vol.  V.  pl.  I.  f.  3.  bee  also  G.  palmruM,  Barrande,  loc.  eit.  p! 
f.  1-7. 

This  form  is  subject  to  great  variations,  more  particularly  as  re- 
gards its  relative  breadth  and  length.  Many  of  the  Dunifriesithire 
specimens  have  a  fusiform  appearance,  and  their  breadth  generally 
exceeds  those  figured  by  M.  Barrande  *.  In  an  individiml  ^pecinieu 
of  about  three-fourths  of  an  inch  in  length,  the  total  breadth  where 
widest  excee<led  onc-fiftl>  of  an  inch.  In  some  instances  the  apex 
docs  not  lenninate  by  tapering,  but  abruptly.  The  central  axis,  al- 
though but  thin,  is  commoidv  very  distinct ;  and  it  appears  to  have 
been  somewhat  flattened.  Ihere  is  properly  speaking  no  space  be- 
tween this  axis  and  the  base  of  the  cells,  which  seem  tu  take  their  rise 
immediately  from  the  side  of  the  axis  ;  they  are  directed  upward* 
and  adhere  to  each  other  through  their  whole  length.  Their  mouth* 
are  distinct  and  straight,  and  have  no  appenditge  attached  thereto. 
The  number  of  cells  in  a  /inr  is  three,  and  this  <li><tance  appear* 
uniform  both  at  the  base  and  apex.  The  nature  of  the  external  co- 
vering of  this  species,  at  least  from  the  Dumfriesshire  sprcimcna, 
Ctiinot  be  detenniued,  owing  to  the  fossiU  being  in  the  form  of  iron 
pyrites.  The  s|K-cies  occurs  iu  great  abundance  botli  at  Dubbs  IJnn, 
and  also  at  the  base  of  Hartfell,  where  it  ia  acsociated  with  the  pre- 
ceding. 

Sealoriform  or  tdge  view*  of  tkU  or  other  tpecie*. 

Pl.  I.  fig.  N. 

Independent  of  the  variations  to  which  the  last  species  is  subwict, 
there  are  other  rirfumstanc«'s  which,  in  common  with  all  otbrrt 
of  thia  ^enuo,  greallv  modify  it.  These  are  in  general  the  result  o( 
the  foMll  being  crushed  in  such  a  maimer  as  to  give  a  Utrml  view. 
From  this  we  have  the  various  acalari form  appearances  on  which  have 
been  founded  such  sf>ecie»  as  G.  tcalaris,  Lmn..  but  which  .M.  Bar- 
rande in  his  '(iraptolites  de  Bohcme'  has  shown  to  be  only  modifi* 
cations  ariidn^  from  lateral  prc«ure.  Pn)f.  M'Coy  had  also  inde- 
pendentlv  amved  at  the  »«nir  conclusion,  which  he'  lately  publialied 
Ui  the  '  .knitals  and  Mag.  of  Nat.  Hist.'  vol.  vi.  p.  272*'. 

*  The  G.  /oliaenu,  Xlurriiitoo,  i»  to  imperfect  •  •pecimrn,  that  il  1*  alnoM 
bmItm  to  refer  lo  H  till  tatlar  qwcimeat  t>e  dueovered  in  tbc  umc  locality. 
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Pip.  \  eSc\  d,  and  Fipi.  3  r  &  3  <r,  are  from  Mr.  lUrkness's  drawing* ;  the  rest 
are  engraved  from  tlie  ipecimeiis. 

Fig.  I  0 — d.  Rattritet  pern/rinut.     1  4,  cells  magnified ;  I  ell  d,  from  Mr.  Hark- 

neu's  dran'iugr$i  are  sliglilly  enlarged. 
Fig.  2  a — e.  K.  pfregrinu*  ?     In  this  the  young  part,  magnified  at  2  i,  has  distant 

and  linear  cells  ;  in  the  adult  part,  magnified  at  2  e,  the  axis  is  thick,  and 

the  eellis  more  like  the  next  species. 
Fig.  3  a — rf.   /?.  triangiiladu.     3  4,  a  portion  magnified. 
Fig.  4  a — e.  Graptolito  {Monoprion)  Sfilffwiciii.     1  e,  a  portion  magnified. 
Fig.  5  a,  h.   G.  Hecki.     b  b,  a  portion  magnified. 
Fig.  6  a,  b.  G.  Sicoli.     The  uiagnific<l  portion  (6  b),  shows  the  noutb  at  e,  after 

the  ohserratioiis  of  Mr.  Salter. 
Fig.  7  a — d.  G.  XiUtoni.     7  a  &  d,  magnified  portions ;   in  7  a  &  i  the  itea  ii 

twisted,  so  as  to  show  the  teelli  on  opposite  sides. 
Fig.  8  a,  b.  G.  inctnu.     8  4,  magnilicd  portion. 
Fig.  'i  a,  4.   G.  {Diprion)  pmnaliu.     9  4,  mapiified  portion. 
Fig,  10  a,  b.  G.  nodmuii.    The  specimen  is  very  obscure.    10  4,  magnified  portion. 
Fig.  1 1  a,  4.  G.  bitomu  ?     The  specimen   Is   good,  though  much   compressed. 

114,  niagiiilic'd  portion. 
Fig.  12  a,  4.  (i'.y«'iu»i,  Misiuger,     Narrow  variety.     13  4,  magnified, 
r  Fig.  13  a — e.  G./oliacnvi  ?     Spcdniens,  natural  size,  showing  the  axis  partly 

denuded  of  ili  cells.     The  specimens  are  mere  pyritous  stains,  and  the 

sliaiie  of  the  cells  obscure. 
Fig.  lia — d.  G.  (Diprion),  sp.     H  d,i  magnified  base,  showing  the  mouths  of 

Lthe  celU  in  a  lateral  view ;  in  b  &  c  the  specimen  is  crushed  obliquely, 
and  shows  on  the  right  side  the  distinct  casts  of  the  rell-mouths ;  on  the 
left  the  impressions  are  faint,  beiug  made  through  the  substance  of  the 
fosiil  itself. 
4.  Notice  of  the  Coai^mines  near  Erzeroo-vi*. 
[Communicated  from  the  Foreign  Office,  by  order  of  Viscount  Palmerston.] 

The  coal  clistrict  lately  discovered  near  Oltoof,  antl  since  visited  by 
MM.  Braiit  and  M"iet,  the  English  and  French  Consuls  resident  at 
"Srzerooin,  is  about  sixteen  hours  (at  least  fitly  miles)  distant  from  the 

after  |)lace  by  the  shortest  route.    The  country  is  very  moiuitaiuous, 

ujd  almost  impassable  even  for  the  native  ox-carts. 

The  strata  of  the  district  are  much  disturbed.  The  coal  was  seen 
It  two  |)laces  where  pits  had  been  sunk  on  the  mountain-side.  One 
ted,  from   12  to   IG  feet  thick,  com|)03cd  of  alternating;  layers  of 

ock  and  coal,  the  former  predominating,  nms  E.  and  W.,  dipping 
rapidly  to  the  S.E.  Uighcr  up  the  tnoiuitiun  another  similar  betj, 
4  feet  thick,  was  seen  riinuiug  X.  and  S.  and  dipping  perpendicu- 

(irly. 
The  coal  is  black,  lustrous,  very  brittle,  aiid  emits  a  strong  smell 
>  burning.  It  is  probably  abundant,  but,  from  its  friability,  the 
ifficulty  of  separating  it  from  the  matrix,  its  donbtful  quality,  as  well 
>  the  difficulty  and  expense  of  working  and  transporting  it,  it  is  very 
oiibtful  whettier  the  ai.'icovery  of  this  coal  will  at  present  prove  of 
ny  utility. 

y 

•  See  Quart.  Journ.  fieol.  .Soc.  vol.  vi.  p.  367. 

t  N.W.  of  Eraerooni,  and  ahont  40°  30'  N.  lat.,  41°  50'  E.  long. 
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,    The  following  communications  were  read  : — 

I.  Notice  of  the  dUcorery  of  a  New  Combustible  Scbstanck  m 

Russia. 

[Communicated  from  the  Foreign  Office,  bj  order  of  Vueoant  Palmenton.] 
A  COMBUSTIRLR  substftnce,  named  '  Pungeniite*  bj  M.  Bulgarine, 
has  been  found  in  the  Silurian  forrnation  between  Rana-Pungem  and 
Gross-Pungeru,  on  the  road  from  Doq>at  to  Narva,  in  Esthonia.  It 
occurs  in  the  fonu  of  a  yellowish  brown,  laminated  lajer,  speidJcd 
with  white,  very  light,  and  as  hard  as  coal.  It  bums  freely  aad 
brightly,  giving  off  a  great  quantity  of  soot.  According  to  M.  Fet« 
xoldt*,  its  constituents  are — 

Organic  matter  (i5'S 

Silica 13-6 

Oxide  of  iron  and  alumina      2'3 

Carbonate  of  lime    17'0 

Carbonate  of  magneaiA 0*2 

Wafer  1-3 
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2.  On  the  Epiolitic  Rocks  of  the  Venetian  Aij*. 
By  Prof.  T.  A.  Catullo. 
[In  A  Letter  to  Sir  Roderick  Impejr  Murchiion,  V.P.O.S.] 
Prefatory  Remark*  by  Sir  R.  I.  Murchiton. — In  commuuic 
■t  his  own  request,  this  memoir  of  Professor  Catullo,  I  must  be  per- 
mitted to  state,  that,  with  every  wish  to  do  him  justire,  I  do  not  coin- 
cide in  his  i-iews.  The  allusions  I  made  to  Professor  Catidlo  in  th* 
Sketch  of  the  Alps  and  .\penninc8  (Quart.  Jouru.  Geol.  Soc.  vol.  t.) 
referred  to  opinions  maintained  bv  him  in  184"  at  the  Scientific  CoD- 

E!H  of  Venice,  and  I  could  not  W  supposed  to  be  cognizant  of  hb 
ring  since  adopted  the  same  ideas  as  his  adversaries.  The  toolo- 
eical  portion  of  his  paper  must  be  lefl  to  the  consideration  of  M. 
Leopold  V.  Buch  and  M.  de  Zigno,  who  have  studied  the  fossils.  Ob 
points  more  immediately  touching  myself,  I  need  scarcrlv  remind  tKe 
reader  that  tlie  Permian  Flora  is  not  common  to  several  fonnatiou*— 
that  the  Flysch  or  Macigno  is  not  the  equivalent  of  the  Scaglia ;  th« 
first  being  a  tertiary,  the  last  a  secondary  formation.  My  belief  is 
in  no  way  aifrctcd  bv  this  memoir,  and  I  now  hold,  as  I  did  in  1848, 
that  the  rocks  whic^  Professor  Catullo  has  termed  Epi-o\\tic,  wtica 
•ei»arate<l  from  the  Neocomiau,  are  simply  the  representatives  of  the 
Oxfordiaii  group. 


Bring  unaware  of  the  changes  I  have  introduced  since  the  puhhcaiion 
of  my  '  Prodromiis't,  and  within  the  last  thrc«  years,  you  are  itiU^, 

•  L'Al>elUe  da  Nord. 

t  Prodromo  dl  GtognotU  Palfoioica  d*lle  Alpi  Venetr 

:  Quart.  Joan.  Omi.  Soc.  vol  v.  p.  179. 
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under  the  persuasion,  tliBt  there  is  a  difference  of  opinion  existing  as 
regards  the  situation  I  have  assigned  to  the  red  amnionitic  Umestone ; 
'whereas  having  gone  over  the  old  classitication  of  the  cretaceous 
system  which  1  proposed  in  my  work  on  Fossil  Zoology,  published  in 
1827, 1  find  now  that  I  perfectly  agree  with  the  great  proportion  of 
geologists.  Nor,  in  doing  so,  Jo  1  find  that  I  contradict  any  of  the 
deductions  I  have  been  able  to  gather  from  the  observations  I  have 
already  published  in  my  other  works ;  for  besides  having  always 
attended  to  the  facts  offered  to  me  by  palreontology,  even  when  they 
disagreed  with  the  classification  of  formations  I  had  adopted  *,  I  took 
especial  care  to  direct  my  attention  to  the  species  that  are  most  con- 
stantly found,  and  in  the  greatest  abundance,  within  the  limits  of  a 
given  formation,  and  to  attribute  to  them  their  due  value.  I  say 
the  greatett  number  of  indieiilaals,  because  it  sometimes  happens 
that  a  few  are  met  with  out  of  their  iwual  position,  and  mixed  up 
with  individuab  of  species  more  or  leas  ancient  than  the  deposit  to 
which  the  former  belong.  This  fact  was  first  announced  by  the  elder 
Brongniarf t,  and  has  been  mentioned  by  many  other  geologistsj  ; 
it  is  well  known  what  discussions  were  occasioned  at  a  meeting  of 
the  Geological  Society  of  France,  by  Fitton's  discovery  that  that 
Amrmmifeg  Deshayesii,  Leyra.,  which  abounds  in  the  iniVrior  chalk 
of  the  Caucasus,  and  other  fossil  species  belonging  to  the  guult,  are 
found  hkewise  in  the  neocomian  limestone  of  England  (meeting  of 
the  21st  May,  1844).  This  is  the  case  with  the  Ammonites  faacicu- 
laris,  D'Orbigny,  and  with  a  few  other  cretaceous  species  which  I 
found  in  tliat  division  of  the  red  ammonitic  Umestone,  which  I  now 
propose  to  distinguish  by  a  new  name,  as  I  shall  presently  show.  It 
is  sufficient  to  glance  over  the  history  of  the  pnteontological  observa- 
tions that  have  been  made  during  the  last  few  years,  to  learn  that 
the  mixture  of  ancient  fossils  (not  only  the  remains  of  animals  but 
those  of  plants)  with  those  of  more  modern  formations  is  a  fact  that 
does  not  admit  of  dispute.  The  rocks  of  the  Permian  period,  as  you 
well  know,  contain  different  florsE  ;  that  is  to  say,  they  may  be  found 
in  several  formations,  and  the  flora  of  the  Keuper  is  so  distinct  from 
the  flora  of  the  Gria  bigarr^,  as  not  to  present  any  palicontotogical 
analogy  with  the  other  divisions  of  the  Tricu,  with  which  it  has  been 
associated  §,  As  regards  the  few  species  of  Ammonites  which  I  persist 
in  considering  as  common  to  many  formations,  I  must  beg  you.  Sir,  to 
consider  that  a  course  of  thirty -eight  years  of  observation,  and  that 
too  in  places  not  yet  examined  by  any  other  geologist,  ought  to  in- 
spire more  confidence  than  can  be  j>laced  in  one  who,  wanting  this 
requisite,  supports  the  contrary'.  The  red  limestones  occupy  a  great 
extent  of  country,  and  belong  partly  to  the  Jurassic  system  aud  partly 
to  the  cretaceous.  In  the  first  case,  when  they  belong  to  the  Jurassic 
system,  they  constitute  a  most  important  group  of  rocks,  distinguished 
by  the  epithet  of  [Sopra-jurassico]  upper-jiirassic  [?]  ;  because,  in 

*  Zoologia  Fossile,  p.  263,  Padua,  1627, 4to. 
t  Annalet  des  Mines,  1821. 
;  Soci^te  G^logique  de  France,  16  Juin,  1843. 
i  Inititnt,  Oct.  1849. 
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fact,  diey  have  for  their  uppermost  limit  a  red  Umestone,  sometimrs 
Bcliintose,  sometimes  arenaceous,  which  unilerlies  the  neoconiian  lime- 
stone, aud  which  often  rises  to  considerahle  elevations,  covering  with 
its  more  or  less  uiclined  strata  the  heds  of  compact  red  limestone 
which  are  aluays  inferior  to  it.  The  red  limestones  of  the  second 
grouj)  are  usually  separated  ;  the  heds  of  the  one  alternating  with  the 
Beds  of  the  white  or  yellowish  neocomian  limestone,  which  contain 
the  same  fossils  ;  while  the  invanahly  thin  strata  of  the  other  an 
aometimes  red,  sometimes  grey,  and  represent  the  Fly$th  of  the  Swiaa, 
the  Macigno  of  the  Tuscans,  and  also,  aocorcLng  to  yon,  tlic  Carpa- 
thian sundttone  ;  in  a  word,  they  represent  the  Scaylia  of  the  Vene- 
tian geologists,  with  which  (in  the  uescending  order)  the  chalk  for- 
mation begins.  I  shall  only  occupy  myself  at  present  with  the  flr«t 
two  limestones  of  which  I  liave  spoken  above,  which  although  till 
now  they  have  been  confused  together  under  the  single  name  of  r«/ 
avimonttic  limrttune,  deserve  however,  as  you  will  see,  to  be  distin- 
guished from  one  another. 

As  regards  the  geographical  distribution  of  the  ammonitic  lime- 
stone, Baron  von  Bnch  observes,  that  it  forms  a  most  extensive  xone, 
which  touches  the  Crimea  on  the  one  side,  and  Mount  Tatrain  Poland 
on  the  other,  and  wliich  extends  to  the  west  as  far  as  the  French 
Jura.  He  afterwards  mentions  that  the  Ammonitrg  Tatrieut,  Puscli, 
the  Trrrbratala  diphya,  Duch,  and  some  S|>ecii'S  of  Aptychus,  are  the 
fossils  which  more  particularly  charnclerir-e  this  formation.  In  Italy 
the  same  n>ck  is  in  like  matuier  prolonged  through  an  extensive  tract 
of  country ;  it  begins  near  the  confines  of  the  German  Tyrol  (Stna 
in  the  district  of  Cortina  d'.\n)pezzo),  throwing  out  its  branches  to 
the  foot  of  the  Dolomitic  Alps  of  Agorda  (C«lo,  Colaxzo,  &c.),  and 
stretching  in  various  directions  ;  towards  the  west  it  extends  into  tht 
district  of  Feltre  ((.^io,  Fastro,  not  far  from  Arsie),  and  advanoM 
into  the  Setti  Comuni  (Rotzo,  Castclletto,  Cesuna)  and  into  tlw 
Veronese  territory  (1e  Sine) ;  and  towards  the  east  it  extends  abore 
Belluno  (Igne,  Pirago,  Lavazto,  &c.)  where  it  is  quarried  for  hiiiU- 
ing-Btone.  In  Lombardy  it  reappears  under  the  same  conditiona 
(.Arbe,  Suello,  Trescorre,  Eutmtic«i),  but  from  thence  it  does  not 
Rfiread  into  lledmont  ;  whereas  in  Tuscany,  Umbria,  Modeua,  and 
Liguria,  it  constitutes  a  well-marked  formation.  In  fact,  the  cum- 
pact  rt'd  ammonitic  limestone  lying  under  the  red  schbtosc  limestone 
of  Parodi,  de*cril)ed  by  Pilla,  and  that  of  the  territory  of  Perugia, 
and  of  the  whole  length  of  the  S|K)leto  mountains  are  both  charae- 
terize<l  by  the  same  t'ussils  which  we  have  collected  in  a  long  sucow- 
sinn  of  years  in  the  mountains  of  Lombardv  and  Wiiice,  and  wfaidl, 
with  the  exception  of  a  few  sjM-cies,  do  not  ditfer  from  the  fossiU  con- 
tained in  the  red  limestones  of  Liguria. 

Epiolitie  Rrd  Limeitonft  of  the  Vpper  Jurame  group. 

This  group,  in  those  places  where  it  has  acquired  its  full  dere- 
lopment,  rises  in  extensive  mountains,  of  a  nearly  constant  form, 
presenting  slopes  more  or  less  steep  on  one  side,  especially  u>  the 
upper  third  part  of  their  height,  and  forming  on  the  opposite  ni* 
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iDclined  ledges,  as  well  as  ttible-lands  (plateaux),  sometimes  nearly 
horizontal  (southern  slopes  of  Monte  Valdart  in  the  district  of  Bel- 
luna).  This  formation  may,  as  wc  have  said,  be  considered  to  be 
composed  of  two  distinct  limestones  ;  one  of  which  does  not  every- 
where preserve  the  same  characters,  but  presents  a  diversity  of  colour 
and  structure  ;  while  the  other,  which  covers  the  former,  is  almost  al- 
ways of  a  dark  red,  sometimes  approaching  to  yellowish,  fJthough  in 
some  ]>laces  it  loses  the  arenaceous  appcanuice  and  assumes  the  schis- 
tose structure,  and  it  is  then  that,  wlien  moistened  by  the  breath,  it 
gives  out  a  strong  argillaceous  odour.  In  various  places  the  inclination 
of  the  strata  of  both  these  limestones  is  as  much  as  from  -10  to  -1.0  de- 
grees (between  Igne  and  Pirago  in  the  district  of  Belluna),  while  in 
other  jilaces  the  strata  are  somewhat  less  steep,  and  sometimes  even 
lie  in  a  position  little  removed  from  the  horizontal  (Fastro,  not  far  from 
Cismone  in  the  Feltrino,  Lavazzo,  &c.).  I  call  the  first  of  the  above- 
mentioned  rocks  the  inferior  epioUtic  limenlone,  and  I  distinguish 
the  secoud  tVom  it  by  the  name  of  the  superior  epiotitic  limestone ; 
by  which  I  endeavour  to  rectify  the  ftiistakes  that  have  naturally 
arisen  from  considering  these  rocks  as  belonging  to  one  and  the  same 
formation.  This  distinction,  jiartly  niineralogical  and  partly  geo- 
gnostical,  naturally  leads  one  to  sup|>osc  that  the  greater  or  less  ad- 
hesion of  the  fossils  of  the  said  limestone  ilepends  uu  the  mineralo- 
gical  character  of  the  rock  ;  for  those  found  in  the  schistose  Umestone, 
enclosed  as  they  are  in  a  marly  coating,  are  easily  disengaged ;  while 
the  fossils  of  the  lower  limestone  (which  is  always  compact  and  admits 
of  a  pohsh)  adliere  to  it  so  closely  that  they  may  be  said  to  be 
almost  incorporated  with  it. 

Lower  EpioUtic  Limestone  of  the  Venetian  Alps. 

I  beg  you.  Sir,  to  direct  your  attention  for  a  moment  to  the  fossils 
containea  in  the  oldest  of  these  limestones,  making  the  different 
Ammnnites  that  are  pecuhar  to  them  your  especial  guide,  and  passing 
over  tor  the  present  the  remains  of  animals  of  other  genera  that  pass 
from  the  level  of  this  rock  to  that  of  the  supprincmnbent  rocks. 

If  tl»e  Ammonites  Fontana,  the  Ammonites  Tuljlinianus,  and  other 
species  of  the  same  genus,  which  1  behe^■e  to  be  unpublished,  were 
uot  found  associated  with  some  (ew  otlicrs  already  published  by 
D'Orbigny,  I  should  not  be  able,  guided  by  them  alone,  to  pronounce 
any  judgement  on  the  age  of  the  limestone  containing  them ;  but 
their  being  fortunately  nssoctattd  with  well-kuowu  species  authorizes 
me  to  believe  them  to  belong  to  a  formation  anterior  to  that  of  the 
schistose  limestone,  with  which  it  has  been  confused. 

Ammonites perarmatus.  Sow.,  A.  annulatus,  Sow.,  A.  biplex.  Sow., 
and  A.  linyviferus,  D'Orbigny,  are  well-known  species  that  might 
throw  some  light  on  the  nmtter  in  question,  if  it  were  not  that  in 
some  countries  they  are  fouml  existing  in  formations  belonging  to 
different  periods.  In  fact.  Ammonites  perarmatus  luid  -'/.  Liplex 
have  been  found  by  tiie  Baron  von  Buch  in  the  coralline  limestone 
of  Switzerland,  which  is  considered  to  be  coeval  with  the  coral  rag ; 
Ammonites  linyuiferus  has  been  referred  by  D'Orbigny  to  the  lower 
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oolite  of  the  Vendt^e  and  of  otlier  districts  of  France,  while  Ammonittt 
annulatus  (which  is  not  to  be  confounded  with  the  species  of  tb« 
snnie  name  de9cril)ed  by  Schlotheim)  belongs,  according  to  Sowerbjr 
(Mineral  Coiichologj-),  to  tl»e  lower  haa,  and  according  to  D'Orbignj-. 
to  the  upper  lias,  which  last  would  be  equivalent  to  our  upper  ejri^ 
litie  limettonr. 

Aimnonite*  of  the  Inferior  Epiolitie  LimetloHe. 

Ammonites  perarmatus*,  Sote.  tab.  1 .  fig.  4. 

hiplex,  Sow.  tab.  1 1 .  fig.  3  a,  b. 

annulalus.  Sow.  tab.  1 1 .  fig.  2  a,  b. 

liiiguiferus,  iTOrb.  tab.  1.  fig.  2a,  b. 

Fontana,  ('at.  tab.  2.  fig.  I  a,  b. 

Toblinianus,  Cat.  tab.  2.  fig.  4  a,  b. 

Btrictus,  Cat.  tab.  4.  fig.  2o,  b. 

•^^  Albertinus,  Cat.  tab.  2.  fig.  3  a,  b. 

quinquccostatus.  Cat.  tab.  3.  fig.  8. 

contiguus.  Cat.  tab.  4.  fig.  2  a,  b. 

BcniaiiU!),  Cat.  tab.  2.  fig.  a,  b. 

cxomatus.  Cat. 

You,  Sir,  hare  placed  the  limestones,  of  which  we  are  speaking,  ia 
the  second  group  of  the  Jura-system,  consisting  of  the  (HfordiaB 
rockst>  •ixl  "ot  rather  in  the  first  group,  which  embraces  t)ic  Port- 
land Umestones,  which  may  be  m  fact  considered  as  the  true  rrpre- 
sentatires  of  the  upper  jurasfic  fonnations  of  Brougniart,  to  which 
the  chalk-formation  imnirdiatcly  snccecds.  Without  involving  my- 
self in  discussions,  in  order  to  di-cidc  to  which  of  the  three  groups 
the  epiolitie  fonnntion  of  the  Venetian  Alps  belongs,  I  shall  only 
observe  that  some  of  its  fossils  have  their  equivalents  in  the  coni] 
rag,  which  is  one  of  the  members  of  the  upper  group  established  by 
the  English  school.  The  reasoiu  that  forbid  uur  considering  thm 
inferior  part  of  the  said  group  aa  an  equivalent  of  the  coral  ra^ 
have  been  given  by  you  in  your  "  Sketch  of  the  Oolitic  Forma tioi 
of  Germany  J." 

If,  from  the  position  of  the  lower  red  limestones  of  the  VcnHMB 
territorj-,  we  may  conjecture  that  they  are  nearly  allied  to  the  corml* 
tine  limestone  o(  other  countries  ;  on  the  other  hand,  they  differ  ftvm 
it  by  being  destitute  of  zoophytes.  Tlie  few  that  I  possess,  and  of 
which  I  shall  give  figures  in  the  work  on  FussU  Zoophytes  that  I  liarr 
now  ready  for  the  prcu,  may  be  referred  to  the  order  of  Spongtaria, 
and  thry  come  from  the  ftpp«r  epiolitie  limettone  of  the  district  of 
IJerjramo. 

The  other  fossils,  besides  Ammumitet,  occurring  in  the  rocka  tt 
which  we  are  speaking,  are  varioiu  g])ecies  of  the  genus  Imoeeramm*, 

*  ThF>e  tprriri  I  hare  alwurt  founil  in  (lie  lower  b«l>  of  thr  Epiolitie  form*- 
iKni.  anil  srr  A^irr<l  and  drtcrilird  by  me.  Plita  1.2,3,  4,  arc  ttill  uapuhlishail i 
tlir  otlirn  are  iiiarrtrd  ill  the  '  rrodromiu,'  Il!i47. 

t  «^uan.  Joiim.  i;«>l.  Soc.  «oI.  v.  1*49. 

:  Pro«»iingi  of  i)ir  Grulofocal  Sooirlv,  Ua;  1M3I.  Sir  R.  I.  MarrtuMM  d*> 
aire*  tilt  Editor  Q.  G.  J .  to  obaervr,  thai  b*  baa  long  iiare  ahandanad  tlli* < 
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8omc  of  which  we  also  find  in  the  upper  neocomiau  strata  ;  the  teetli 
of  Lamna  /oni/u/en-i  ?,  Agass.,  of  Pitjchodus  lalUsinm^,  Agass.,  of  P. 
Mortonii,  Agass.,  and  P.  mammillarii,  Agass. ;  and  among  the  re- 
mains of  Sauriaiis,  the  skull  of  a  Crocodile,  from  the  ammonitic  hme- 
stone  of  Tresche  in  the  Sette  Conumi,  already  described  by  Stera- 
berg*,  and  compared  by  Cu%-ier  to  the  Garialii  lonyirostrig,  Goldf., 
of  the  Jurassic  rocks  of  Honfleur  in  Normandy ;  wliich  afforded  nie 
occasioa  some  years  ago  to  dwell  on  the  similarity  between  the  marl 
of  Havre  in  France  and  the  strata  of  the  ammonitic  limestone  of  the 
Upper  Vicentine  f- 

What  is  important  to  observe  is,  that  the  Terebratula  antinomia. 
Cat.,  so  frequent  in  the  upper  epiolitic  limestone  and  in  the  Biancoue 
which  covers  it,  does  not  appear  in  the  hmestone  of  the  inferior  bed  ; 
a  circumstance  which  deserves  to  be  recorded,  because  it  contributes 
to  establish  the  difference  between  these  two  limestones.  Specimens, 
however,  of  this  Terebratula,  procured  from  the  neocomiau  strata 
and  from  the  underlying  epioUtic  schistose  hmestone,  present  varie- 
ties which  will  be  noticed  presently. 

Upper  Epiolitic  Limestone  of  the  Venetian  Alps. 

The  upper  e])iolitic  hmestone  shows  itself  with  all  its  usual  cha- 
racters in  many  parts  of  Lombardy  and  the  Venetian  territory.  In 
the  district  of  Bellimo  it  constitutes  the  upper  part  of  the  Alps  which 
lie  to  the  left  of  the  Piave,  ojjitosite  to  the  village  of  Longarone 
(Monte  Salta) ;  and  the  same  formation  rises  on  the  right  of  the 
same  river  between  Pirago  and  Igtic,  forming  the  right  side  of  the 
road  leading  to  Zoldiano, 

The  true  epiolitic  limestone  is  wanting  in  the  neighbourhood  of 
Belluno,  for  it  must  not  be  confounded  with  the  red  Staglia  with 
fucoidt,  which  leans  against  the  south  slope  of  Monte  Serva;  but  it 
appears  that  in  the  neighbourhood  of  Igne  it  bends  to  the  north-west 
(Perera,  Soffranco),  and  towards  the  south  it  is  covered  by  the  neo- 
comian  formation  (to  the  right  of  tlie  Piave),  and  by  the  eocene  and 
miocene  sandstones  (Valle  dell'  Ardo)  ;  it  theu  rises  near  Vedana 
approaching  the  Mis,  and  advancing  into  the  district  of  Feltre  (Ccsio 
maggiore,  Vedana).  There,  more  than  anywhere  else,  the  epiolitic 
formation  may  be  seen  with  nil  its  gcoguostical  and  mineralogical 
characters,  inasmuch  as  we  sec  that  the  red  limestone  is  in  its  upper 
part  schistose,  soft  and  mitrlv,  while  the  hmestone  of  the  lower  strata 
appears  compact,  very  sohJ,  being  of  a  dark  red,  with  yellowish 
white  spots  ;  and  in  the  lowest  jiarts  of  the  Alps  it  becomes  a  species 
of  conglomerate,  the  nodules  of  whicii  are  connected  together,  and 
present  nearlj'  the  same  forms  as  the  spots  that  are  observed  on  the 
unaltered  stone.  The  opinion  that  I  have  long  since  expressed,  that 
these  nodules  are  fragments  of  Ammonites,  remains  unchanged,  in- 
asmuch as  the  marks  on  tlie  pieces  of  stone  that  are  quarried  at 
Cesio,  to  be  worked  into  columns  or  tables,  preserve  the  spiral  forms, 

*  Voyage  en  Tyrol,  &c.  lUtishonne,  1806. 
t  Zool.  Fois.  deUe  Venete,  p.  190,  1827. 
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as  well  as  the  marks  of  tiie  M-pU,  mtJ  these  are  more  clearly  seen 
in  proportion  to  tlie  polish  the  stone  receives. 

In  order  to  see  better  the  relations  that  the  red  limestones  of  the 
epiolitic  formation  have  with  one  another,  it  is  necessarj-  to  cross  the 
Mia,  and  look  to  the  lefl  of  the  torrent  between  St.  Giuliana  and  the 
Rosae  Alte,  not  far  from  Vedana.  At  the  foot  of  tlie  mountain  the 
strata  of  the  conglomerate  may  be  obsened ;  and  these,  being 
parallel  to  thcv^e  of  the  rod  ammouitic  limestone,  which  lies  over  them, 
appear  to  form  with  it  one  and  the  same  de|K>git.  The  upptr  rpiulitie 
limestone  reappears  towards  the  top  of  the  mountain,  and  does  not 
differ  nuich  in  its  appearance  from  the  limestone  of  Igne,  to  which 
it  is  parallel,  although  it  exhibits  a  more  arenaceous  appearance,  and 
ia  less  rich  in  fossils.  Above  this  limestone,  near  the  Ilosse  Alte, 
rise  the  Wds  of  the  chalk*,  which  at  the  tirst  glance  would  seem  to 
form  a  passajrc  from  the  neoctmiiau  limestone  of  .Vl|>ago  to  the  oolite 
liiuestouo,  if  the  grains,  irregnlarly  scattered  through  its  mass,  were 
not  discovered  to  be  organic  remains  similar  to  those  we  have  r«- 
nmrked  in  the  hippuritic  neocomian  limestone  of  the  Pine  and  of  the 
Tambre  in  Alpagof. 

I  lihall  give,  some  time  or  other,  more  circumstantial  details  of  the 
peculiarities  I  have  observed  in  the  two  e|iiolitic  limestones,  in  thoae 
places  in  which  I  have  been  able  to  study  them  ;  but  at  present  I 
shall  confine  myself  to  saying,  that  they  sometimes  cover,  and  some- 
times  dank,  the  dolomitic  formation  ;  but  they  oftener  constitute  by 
themselves  alone  the  l>asc  n[ion  which  the  cretaceous  formation  rests. 
I  remark  here,  in  passing,  tliat  where  the  dolomite  rises  to  great 
heightii,  it  never  is  covered  by  the  ejiiolitic  group,  as  some  arc  inclined 
to  sup|M>»e,  but  appears  instead  to  be  crowned  by  more  mo<leni  mck*. 
The  red  limestones  which  we  observe  on  the  dolomitic  summits  of 
the  Valley  of  the  Brenta  belong  to  the  neocomian  fonnation,  and 
not  to  the  e|iiolitic,  or  Ovfordian  (as  it  is  called  by  some).  To  the 
same  formation  belong  the  regular  beds  of  red  limestone  iuterstrati- 
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Figs. 


1  &  2. — Seetioiu  of  Ike  Red  Ammonilie  Limetlonet, 

Pig.  i.         "a-"  Alt*. 
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fied  with  biuneone,  wliicb  I  obsened  near  the  eminence  of  the  Piano 
della  Fagazza  in  Vallarsaf,  and  those  also  which  I  observed  some 
years  back  in  a  valley  (Valgadcna)  which  runs  into  the  valley  of  the 
BrentaJ. 

Thus  in  the  npper  epiolitic  limestones  of  the  district  of  Feltre  (not 
far  from  Cesio),  as  also  in  that  of  Ccsuno  near  Tresche  (Sette  Co- 
muni),  of  Entratico  in  the  district  of  Bergamo,  and  of  Pemgia  in 
Romagna,  individuals  of  the  Terebratula  aniinomia  are  found,  which, 
as  I  have  observed,  have  different  forms  from  those  which  I  have 
hitherto  remarked  in  the  individuals  from  the  neocomian  limestones 
(red  as  well  as  white)  of  the  Tyrol  (Fondo),  of  the  Viceutiiie,  and  of 
the  Veronese.  The  same  difference  of  form  I  have  also  remarked  iu 
iudividuaU  of  the  same  species,  collected  by  Professur  Pilla  in  the 
schistose  Umestone  of  Spezia,  where  it  exists  associated  with  Jmmo- 
nites  Tatricua  and  some  Aerinaa  peculiar  to  the  upper  Jurassic 
system. 

The  dark  red  schistose  limestone  of  Spezia,  to  the  paleeontology  of 
which  we  have  just  alluded,  may  serve  as  a  geological  horizou  with 
which  to  comjiare  the  analogous  Umestones  of  Lombardy,  Tuscany, 
and  the  Alps  of  Spolcto,  already  considered  by  Von  Buch  as  rocks 
belonging  to  the  upper-jurassic  period.  This  opinion,  coming  from 
the  Nestor  of  European  geologists,  has  had  a  favourable  reception 
from  the  learned  of  all  nations ;  therefore  the  author  of  an  article 
inserted  in  the  Bulletui  of  the  Geological  Society  of  France  has 
committed  an  error  in  classifying  the  limestone  of  Spezia  as  the  lower 
lias,  because,  mistaking  tVic  highest  part  of  the  Jurassic  formation  for 
the  lowest,  he  was  obliged  to  consider  the  saline  marbles  oi'  Carrara 
and  Campiglia  as  rocks  of  the  Devonian  system,  and,  what  is  more  to 
our  purpose,  to  sink  the  sclii.sts  which  imderlie  the  same  marbles 
into  the  depths  of  the  Cambrian  sj-stem. 

Among  the  fossils  of  the  upper  epiolitic  limestone,  1  have  foimd 
associated  many  species  belonging  to  the  neocomian  formation,  viz. 
Aiumonites  Lieurvatug,  Michelin,  A.  siwjj/un,  D'Orbigiiy,  and  A./at- 
cieularis,  D'Orbigny,  Crioceraa  ViUiersiunua,  D'Orbigny,  and  a  few 
TereLratulte,  most  of  which  may  be  referred  to  the  cincta  group  of 
Von  Buch. 


Ammonites  of  the  Upper  Epiolitic  Limestone. 


•Ammonites  pulchellus  ?,  D'Ori. 

• liDiplui,  D'Ori. 

• hdius,  D'Ort. 

emaciiitus,  Cat. 

— ^—  bifrant,  Brujfuii're. 

—  Tatricus,  Piuch. 

—  lub-Dcudjinti,  Cat. 


Ammonites  bicingnlato*,  Cat, 

bicurvatus,  Michelin, 

Capitanei,  Cat, 

.— —  Venantii,  Cat. 

Doderleinianiu,  Cat. 

Ilaniites  Lat>atii,  Cat, 


t  ProUforoo,  p.  103. 

i  Zoologia  Fostile,  pp.  89,  98. 

•  The  species  marked  with  an  asterisk  are  repealed  in  the  beds  of  the  neoco- 
mian formation,  while  the  othen  belong  excluuvel)'  to  the  formation  in  wliich 
they  are  found  imbedded. 
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Remarka  on  the  Terrbratvla  diphya,  ^. 

Amone  the  Terrbratulte  is  T.  anlinomia.  Cat.,  described  and  re- 
preseiitea  in  the  '  Zoologin  Fossile,'  whicli  appeared  in  print  in  the 
year  1^27*.  Some  years  al'tcrwards  the  Barun  vou  Bucit  took  into 
consideration  what  I  had  written  on  this  singular  brachiopod  ;  but, 
not  being  aware  of  tlie  figures  of  otlier  exainj)les  I  had  given  f  in 
1828,  only  speaks  of  those  which  imder  different  asi>ects  I  had  pub- 
Ushcd  in  plate  5  of  the  '  Zoologia  Fossile,'  printed  the  year  before. 

The  Baron  von  Buch  |)ersists  in  considering  the  Terebratula  del- 
toidea,  T.  triqiielra,  and  T.  antiaoviia,  as  uierely  varieties  of  the 
Terebratula  diphya,  which  has  not  hitherto  been  found  by  any  ino> 
dern  naturalist,  but  which  we  find  only  figured  in  the  '  Ecphraaa 
stiruiuiii  minus  oognitarum'  of  Fabio  Colonua,  published  in  1616: 
to  tnis  union  of  sj)ecics  I  mode  a  vigorous  opposition  in  a  paper,  ac- 
companied by  figures,  whicli  has  l>eeu  inserted  iu  the  fifth  volume  of 
the  '  Proceedings  of  the  .\cndemy  of  Padua'  for  the  year  1838. 

Subsequently  I  sent  to  the  French  palicontologists  drawings  aud 
originals  of  the  Terebratula  antinomia,  in  order  that  they  might 
tell  me  what  they  thought  of  the  new  species  that  I  was  proposing 
to  add  to  the  genus  Terebratula,  and  M.  Buchard,  the  Mme  natu- 
ralist who  found,  not  long  ago,  the  necessity  of  separating  the 
Terebratula  pumila  of  I..amarcK  from  the  Terebratula,  to  pUce  it 
(contrary  to  the  opinion  of  Von  Buch)  in  the  genus  Magaa  of  Sow- 
erbyj,  writes  to  roe  on  this  subject  in  the  following  terms: — "A* 
regards  the  Terebratulie  deltoidea,  diphya,  and  antitntmia,  I  entirrlj 
concur  in  your  opinion,  and  I  am,  like  tou,  convinced  that  there 
are  aeveral  species,  of  w  hieh,  on  accoiuit  ot  the  manner  iu  which  thcj 
are  pierced  near  the  centre,  we  may  form  a  charming  group." 

V  on  Unch,  on  the  other  hand,  is  of  opinion  that  the  Terebratulm 
which  have  a  longitudinal  incision,  as  is  the  case  with  the  species 
abovc-inentinned  (and  consequently  also  all  those  lately  published  by 
Prof.  Zeii.<ichuer  of  Cracow),  must  be  considered  as  individuals  of 
Terebr.  diphya,  whatever  may  be  the  form  of  the  dilatctl  part  of  the 
furrow,  and  of  the  dorsal  and  ventral  perforations.  I,  on  the  roo- 
Irary,  have  Mtisfied  myself,  that  the  more  or  less  deep  furrow  on  the 
back,  and  the  tireseuce  of  the  dor^l  and  ventral  }>erfuratii)ns,  are 
characters  whirn  may  serve  to  establish  the  genus  that  I  have  callrd 
Antinomia  ;  while  the  different  forms,  as  well  of  the  furrow  as  of  the 
perforation,  and  the  shape  of  the  base,  sometimes  angtdar,  sometime* 
round,  will  afford  excellent  specific  distinctions.  And  I  am  the  rather 
induced  to  admit  these  distinctions,  iH-cnuse  there  are  sonic  of  these 
forms  which  are  never  found  nave  within  the  limits  of  the  neooomiaa 
formation,  w  hile  there  are  others  entirely  confined  to  the  upper  epio- 
Utic  limestones.  Guided  by  these  principles.  I  propose,  for  the  nco- 
comian  fonnation,  the  species  Anttnomia  diphya,  .4.  deltoidea,  aad 
A.  triquetra  ;  ami  I  refer  to  the  epiohtic  Imiestoue  the  Amtimomim 

■  Pa^  IC9.  lab.  S.  t^  p,  a.  r. 

t  Gli'Annali  delle  Saeaze  Niturtli  (U  Bologna,  IH28. 

*  BuU.  dc  U  Soc.  tUoX.,  S4«ac«  da  17  Jiua.  1MB. 
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anqulata,  A.  angutta,  and  A.  dilatata,  of  wliich  I  intend  to  give  the 
fi^es  on  another  occasion.  At  present  I  exhibit  only  an  outhne  ot 
each  (see  figs.  3  &  4). 

Pig.  3. Species  of  Antinomia  belonging  to  the  Neocotnian 

Limettone. 

3 


1 .  Andnomia  dipbja. 


1.  A.  deltoitla. 


Fig.  4.— Species  of  Antinomia  belonging  to  the  Upper  Epiolitie 

Limettone. 

a 

i 


,  AntiooaiiA  anguUU 


A.  tnguflta. 


diluau. 


Recapitulation. — WTiat  I  hare  said  regarding  the  distinctions  to 
be  establLshed  in  tlie  epiolitie  formations  may  he  recapitulated  aa 
follows : — 

Ist.  The  red  epiolitie  limestones,  underlying  the  cretaceous  system 
of  Northern  It.ily,  distinguished  by  geologists  by  the  general  name 
of  red  ammonitic  limestone,  belong  to  the  different  formations.  The 
first,  or  oldest,  receives  a  fine  polish,  and  rontains  many  species  of 
Ammonitet  which  are  never  found  in  the  limestone  that  is  above  it, 
although  a  great  quantify  of  remains  of  tisli  are  found  there,  which 
have  their  counterparts  in  the  beds  belonging  to  the  cretaceous  sera ; 
the  second,  or  more  recent  limestone,  is  of  a  schistose  structure,  is 
sometimes  arenaceous,  and  contains  the  remains  of  fossils,  some  of 
which  are  peculiar  to  it  {Ammonites,  Antinomia),  and  some  reappear 
in  the  neocomian  formation ;  thus  showing  that  they  were  depo- 
sited uj  a  period  intermediate  between  the  chalk  and  the  Jurassic 
system. 

2nd.  The  species  of  the  gentts  Antinomia,  which  we  have  classified 
as  belonging  to  all  the  beds  of  the  neocomian  formation  (Antinomia 
diphya  and  A.  delfoidea),  never  appear  in  the  underlying  epioUtic 
limestones,  in  which  are  found  instead  other  species  of  the  same 
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geuus  which  are  peculiar  to  it  (Antinomia  anffulata,  d.  anguttc,  A. 
dUatata). 

3rd.  The  paralleUsm  of  the  epiolitic  limestones  ami  of  the  creta- 
ceous limestones  which  cover  them  is  everywhere  evideut,  even  when 
the  strata  occur  in  all  sorts  of  directions. 


3.  On  the  Origin  of  the  Mineral  Springs  q/"  Vichy.  By  Sm 
Roderick  Impey  MtRCHisoN,  G.C.St.S.,  F.R.S.  G.S.  L.S., 
Hon.  Mem.  U.S.  Ed.,  R.I.  Ac,  Mem.  Imp.  .\c.  Sc.  St.  Pet.,  Corr. 
Mem.  Ac.  France,  Berlin,  Turin,  CojK>nhageu,  ic.  &c. 

In  this  memoir  I  wish  to  put  on  record  a  few  obsen'ations  I  made 
last  summer  at  the  baths  of  Vichy,  which  may  serve  to  connect  the 
issue  of  the  mineral  waters  of  that  place  with  certain  geological  ph»> 
nomena  that  then  fell  under  my  notice. 

The  little  town  of  Vichy  is  situated  on  the  right  bank  of  the  iVllicr 
in  the  southern  portion  of  the  B<>urbonnai!>,  and  atraut  twenty-fite 
miles  south  of  .Nluuliiis.  Geologically  considered,  Vichy  is  near  the 
northern  termination  of  the  great  lacustrine  fomiation  of  the  Liinagne 
d'Auvergne,  the  lower  j>arts  of  which  have  been  considered  to  he 
of  older  tertiary  age.  Occupying  low  hills  and  plateaux  on  both 
banks  of  the  Allier,  around  Vichy,  the  lacustrine  limestones  and 
marls  of  tlut  age  exteud  to  the  north  of  the  Sichon  by  Cusset  aa  far 
as  Billy  (in  the  direction  of  Moulins),  where  they  stand  ont  in  great 
horizontal  masses  to  the  plains  of  the  Bourbonnais  and  the  Orl^ 
uais,  without  any  existing  traces  of  the  barrier  that  formerly  retained 
the  waters  in  wliich  they  were  accumulated.  This  fact  proves  that 
these  deposits  arc  of  verv  remote  age  as  respects  the  preseut  outline 
of  the  country-,  and  lea^  na  to  nippote  that  they  liave  since  been 
raised  up  en  maste.  The  lowest  members  of  this  tertiarv  group  are 
well  seen  in  various  sections  in  different  parts  of  Central  Vrancr,  and 
consist  of  granitic  arkose,  red  sandstone,  and  argillaceous  marl. 
Such  strata  are  not  visible  in  the  neighbourhood  of  \  ii'hy,  where  the 
cream-coloured  marls  and  limestone  of  the  Cotes  de  St.  .Vmand  and 
Cusset  are  at  once  iu  contact  with  the  old  »lntv  schists  and  porphy* 
ries  of  the  Sichon  which  I  have  already  doscriU-J  • .  Organic  remaina, 
including  the  Ihiucs  of  nianv  .iniall  ipiadrupedii,  have  been  fuimd  to  ft 
ffreat  extent,  at  some  localities,  in  the  huiestones  and  marls  aroond 
Vichy  iuiee  Sir  C.  LycU  and  myself  visit td  the  spot  in  lf»29. 

Tlie  freshwater  liinectonea  are  lunnouiited  by  beds  of  pebbles  and 
sand  ;  the  fonner  being  deriredfrom  all  the  harder  rocks  which  ctiD- 
stitute  the  sides  of  the  great  tertiarj'  tmngh.  These  pebble  and 
sand  beds  are  of  coiuidemble  thickne:^s  and  great  breadth,  as  is  well 
seen  in  traversing  from  the  eastern  side  of  the  great  depression  netf 
Vidiy  to  its  western  side  beyond  Ganiuit,  and  particularly  in  the 
oUteaux  of  Ranilans  to  the  south  of  Vichy.  The  lowest  of  the  pebble 
pedi  rests  confonnablv  on  the  limestone.  On  the  summits  and  alopet 
of  these  oeutnl  iitUs  is  a  coarse  water-worn  driA  or  shuigle,  compoiwd 

*  See  )>.  13  of  ibis  Tolume. 
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of  various  crystalliue  and  schistose  rocks,  quartz,  &c.  Tljesc  are 
surmouutcJ  by  finely  laminated  foxy-coloured  sands,  and  those  again 
by  other  and  finer  pebble  beds ;  the  last-mentioned  being  in  many 
places  again  covered  by  coarse  drift.  In  the  geological  map  of  France 
the  lowest  of  these  pebbly  accumulations  are  represented  as  younger 
tertiary.  M  hatcvcr  their  relative  age  may  be,  they  were  manifestly  all 
formed  under  water,  which  was  subjected  to  great  motion,  as  proved 
by  their  water-worn  boulders  of  granite,  porphyry,  scliist,  quartx 
rock,  &c.  This  coarse  detrital  deposit  forms  the  greatest  possible 
contrast  to  the  minutely  aggregated  sediment  of  limestone  and  marl 
which  had  been  previously  accunudated  in  a  vast  interior  lake  or  in 
several  lakes. 

And  here  I  would  say,  that  the  clearest  distinction  must  be  drawn 
between  the  above-mentioned  ancient  detritus  of  the  plateaux  and 
slopes  of  the  hills  of  the  Liniagne  d'Auvergne,  and  that  which  is  the 
produce  of  the  [ircseiit  rivers.  In  tlie  wide  spreading  bed  of  the 
Allier,  which  is  encumbered  with  the  rocks  in  question,  few  or  none 
of  the  fragments  have  been  [lerivetl  by  that  stream  from  the  parent 
rocks,  but  have  simply  been  curried  into  it  in  floods  by  the  wearing 
away  of  banks  of  the  ancient  drift,  whieli  has  been  lodged  at  various 
elevations,  from  the  lowest  depressions,  to  plateaux  500  or  (iOO  feet 
above  the  river  beds,  I  am  not  aware  that  any  organic  remains  have 
been  found  in  this  great  detrital  formation  by  which  its  age  could  be 
precisely  attested. 

The  mineral  waters  of  Vichy  rise  along  a  fissure,  parallel  to  the 
course  of  the  Allier.  This  fissure  must  have  traversed  a  portion  of 
the  lacustrine  limestones  and  marls,  since  that  formation  rises  up 
into  hills  on  either  side  of  the  depression  in  which  the  springs  occur. 
The  valley  is,  however,  so  eneumberrd  wirh  detritus  of  the  overlying 
and  reaggregated  pebble  bed.s,  that  except  at  the  town  of  Vichy  it  is 
almost  impossible  to  make  good  observations.  There,  a  few  rocky 
mounds  rise  a  little  above  the  Allier,  and  have  sened  for  the  site  of 
the  ancient  "  Bourg."  In  some  p.irts  these  are  undistingiiishable 
from  the  cream-coloured  marls  and  limestone  of  the  surrouncling  hills, 
in  others  there  is  indication  of  their  having  been  accnmulated  as 
travertine  or  tuff,  which  was  formed  contemporaneously  with  the 
earliest  of  these  tertiary  rocks.  These  beds  are  horizontal  or  very 
slightly  undulating,  as  seen  under  various  buildings,  including  the 
great  round  tower,  which  overhangs  the  Allier  to  the  south  of  the 
mansion  formerly  occupied  by  Mudaine  de  Sevigne*.  There  can  be 
no  doubt  that  these  deposits,  whether  formed  by  ordinary  lacustrine 
sediment  or  by  the  action  of  mineral  sources,  are  of  remote  age  in 
relation  to  our  own  period  ;  for  no  springs  have  issued  in  the  historic 
time  within  the  ancient  town  from  which  they  could  have  been 
formed. 

The  mineral  sources  issue,  in  fact,  at  lower  levels,  i.  e.  both  to  the 
north  and  to  the  south  of  the  rocks  on  wliieh  the  old  Bourg  of  Vichy 
is  built.     The  most  southern  of  these  is  the  celebrated  cold  spring 

•  The  letters  of  Midaiiie  de  Sevign^,  vol.  ».  p.  72  el  teg.,  were  written  in  thi* 
bouK. 
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which  iasues  from  the  base  of  a  rock  on  which  the  ruins  of  tbe 
ancient  convent  of  the  Celeslins  uppears.  Having  heard  from  French 
geologists  that  this  rock  was  considered  to  be  simply  a  mass  of  tra- 
vertioe  of  comparatively  modern  date,  I  was  greatly  surj)rised  to  find 
exposed  in  a  Uttle  pathway,  recently  cut  down  on  the  south  aide  of 
the  cliflF,  a  clear  junction  of  the  horizontal  strata  on  which  the  town 
ia  built,  with  absolutely  vertical  strata  of  the  same  materials,  on  the 
tops  or  edges  of  which  the  monks  had  built  their  convent.  Here, 
therefore,  was  a  very  decisive  fault,  as  represented  in  fig.  1. 

In  a  sketch  of  the  origin  and  contents  of  the  waters  of  Vichy, 
published  in  the  year  1820*,  MM.  Berthier  and  Puvis  showed  very 

Fig.  \.— Section  of  Ike  "  Roeher  de»  CeUaliiu." 


.^■' 


I 


/h>i 


I  (Bil  trmTfTtinr  U  thr  CeltMiM  ill  Uw  ocigiiul  koitoivlil 
if,  a*.  Tk*  taai*,  dUknual  asd  Totia). 
t,  AUunum  M  Ibe  nTcr-b*nk. 

Gorrectlr,  that,  judging  from  its  composition,  this  "  Roeher  de« 
Celeatins"  mnst  have  been  the  produce  of  mineral  sources.  This 
rock,  said  they,  is  so  characterized  by  the  fibrous  and  roncretionarr 
structure  prevalent  in  all  such  tufaceous  deposits,  and  which  is  in- 
deed apparent  in  the  residuum  left  by  the  existing  waters  of  Vichy, 
where,  jiarting  with  their  carbonic  acid  gas,  they  throw  down  the 
salts  previously  held  in  solution,  that  doubtless  tiie  rock  of  the  C<- 
lestins  had  a  similar  origin.  But  much  more  explanation  than  this 
is  required  to  account  for  the  position  of  the  layers  of  the  llocher  dea 
Celestins.  The  geological  description  of  these  authors  requires,  in 
short,  correction ;  for  no  allusion  is  made  by  them  to  the  rock  being 

■  "  Noticf  tur  In  e«ux  de  Vichj,"  Annaln  Ae%  Minn,  1820,  vol.  v.  p.  413. 
la  the  »ke1ch  MM.  Bertbier  sod  Puvii  hm  emd  in  (peaking  of  grsniw  u  lh« 
faadsmeotal  rock  of  the  district  of  Vichv.  Ther  refemd  in  thii  caw,  I  presume, 
to  the  kaown  relationi  of  the  uljscciit'diitnct'  of  .\uTergne,  where  the  tertiary 
Issllias  drpontt  mt  on  gnniie.  Here,  howeTcr.  the  rniialline  rocki  are 
Miykyiits  sad  freCMtonn,  which  hare  perforate*!  the  ailjareni  older  carboni- 
ttrMs  difosjia.    Set  ca/e,  p.  U  of  thu  voUuoe. 
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chiefly  composed  of  arrngonite ;  nor  do  they  advert  to  the  abnipt 
contrast  between  the  absolutely  vertical  strata  of  the  Celestins,  and 
the  horizontal  strata  of  the  town  with  which  they  come  in  contact. 
In  their  day,  in  fact,  it  is  to  be  presumed  that  the  rock  was  not  so 
freed  from  superincumbent  rubbiso  as  it  now  is,  nor  had  the  junction 
I  describe  been  laid  open. 

That  the  present  spring  of  the  Celestins  cannot  explam  the  origin 
of  the  vertical  strata  is  clear  from  the  fact,  that  the  water  rises  in  very 
minute  quantities  at  1 0  feet  below  the  bottom  of  the  outermost  of 
the  vertical  layers.  In  other  words,  these  strata  form  a  cUff  about 
40  to  50  feet  high  above  the  pavement  of  the  weU-house  (see  fig.  1). 

On  further  examination  I  found  these  vertical  betb  ranging  on 
their  strike  to  the  S.S.E.  for  the  space  of  250  paces,  though  at  a 
diminishing  and  very  varied  altitude,  to  a  spot  where  they  terminate 
in  large  slabs  18  to  20  feet  high,  which  stand  out  like  monumental 
stones,  the  direction  of  their  faces  coinciding  with  the  surfaces  of 
the  rocks  on  which  the  convent  staiids.  The  sketch  aimexed 
(fig.  2),  which  is  taken  from  near  this  spot,  in  ginng  some  idea  of 
the  scene,  indicates  a  cavity  between  two  of  the  vertical  sets  of  stone* 

Pig.  2. — Feriical  Strata  of  Limestone  and  Travertine,  at  *een  in 
looking  towards  the  Old  Convent  of  the  Celestitutfrom  the  S.S.E. 
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a,  tf'.  Vertical  tnvertjnc  rocki. 

6.  Mem  of  drift  gravel ,-  vertical  wction  K«n  at  h'. 
r.  Flat,  occaaionally  inundated  b;  nver-llooda. 

Tbr  poaition  of  the  fkult  U  markod  by  the  dark  vertical  cleft. 

•  In  tliift  sketch  the  specutor  is  supposed  to  be  standing  on  the  jagged  tops 
of  loine  of  the  strata  («')  near  to  their  S.S.E.  end,  and  to  have  behind  him  the 
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which  was  probably  formed  hj  tlie  wearing  away  of  a  substance  t 
than  the  other  beiln.  Tlie  mass  of  this  rock  (about  60  feet  wide 
across  the  beds)  consists  of  very  finely  laminated  thin-bedded  to- 
faoeous  hmestone  of  great  har(lne!<s,  of  cream  and  brown  colours,  and 
ill  great  part  made  up  of  hard  translucent  arragonite.  The  thinnest 
layers  ore  about  two  inches  and  the  thickest  exceed  a  foot ;  the 
former  are,  however,  much  the  most  abtmdant.  Some  of  the  couraea 
of  darkish  grey  layers  inclose  thin  coatings  of  arragonite,  and  some 
of  the  surfaces  are  mnmniillary ;  particularly  where  the  arragonite 
has  been  most  elaborated.  No  one  can  examine  these  vertical  strata 
of  limestone,  tuff,  and  arragonite,  without  being  convinced  that  they 
must  have  been  originallv  dejiosited  in  a  more  or  less  horizontal 
position.  If  the  water  which  deposited  them  had  cascsded  or  fil- 
tered over  a  bank-side,  it  never  would  have  formed  a  succession  of 
perfectly  parallel  vfrtieal  beds,  Hke  those  now  exhibited.  In  this 
case,  as  at  St.  .\legre  and  St.  Necfaire,  in  this  same  region,  where 
great  tufaceous  dejKtj-its  are  now  going  on  (though  of  a  very  different 
mineral  nature  from  the  rock  of  the  Celestins),  the  tuff  thickens  out 
irregularly,  according  to  the  downward  slope. 

Again,  it  is  impostiible  (inde|iendent  of  the  proofs  of  fracture  and 
dislocation  shown  in  fig.  I )  that  these  vertically-bedded  armgonitrs 
could  have  been  so  deposited  after  the  present  geography  of  tl»e 
country  was  fixed  and  determined  ;  for  their  summits  are  higher  than 
any  groimd  in  the  surrounding  locality.  Nothing,  therefore,  short 
of  a  jet  d'eau,  like  the  Geysers,  could  have  thrown  up  the  waters  to 
deposit  materials  at  such  an  altitude ;  whilst  no  power  in  nature 
could  arrange  falling  sediments  during  their  deposit  in  this  prr/iro/ 
position  along  a  front  of  2o0  yards.  They  extend,  in  fairt,  much 
oeyond  the  point  where  they  are  exposed  in  the  sketch  (fig.  '2).  aad 
range  under  the  remains  of  the  old  convent,  now  the  fann-house 
there  represented. 

But  inde]iendrnt  of  such  reasoning,  I  obtained  a  distinct  proof  of 
the  com|iaratively  high  antiquity  ot  this  <lisloimtion,  by  obserrtnr 
that  the  ruggetl  and  jaggt-d  tojts  of  these  hard  lieds,  resembling  in 
miniature  the  peaks  and  needles  of  some  crv'stalline  mountains,  are 
covered  over  by  coarse  gravel,  in  which  granite,  poqjhyry,  schist, 
and  other  rocks  occur,  including  some  fragments  of  tlie  arragonite 
itself  (»ee  a  section  of  the  gravel  at  b',  fig.  2).  .As  this  detritus, 
rising  to  the  height  of  50  to  60  feet  above  the  .\llier,  could  never 
have  been  plac«-d  there  in  the  recent  j>eriod  (where  no  streams  dow), 
so  it  is  evident  that  the  ilislocation,  by  which  the  strata  of  the  Ce- 
lestius  were  broken  off  from  the  contiguous  horizontal  ma-vses  and 
thrown  into  their  vertical  positions,  took  j)lace  at  a  very  remote  period. 
Since  that  disiixmtion  occurred  the  tops  of  the  beds  h»ve  been  derplj 
eomigatrd,  and  thus  left  with  outlines  wholly  dis»unilar  from  thoae 
of  any  strata  dejiosited  by  a  moilem  spring.  The  original  movt>- 
menta  which  threw  these  masses  of  stone  ujion  their  edges  in  a  di- 


largr  UoUted  tUfitona  mmibling  tomhttono.  The  chic/  mut  of  ike 
strata  U  ajioMd  in  psn  m  the  rockt  marked  «,  sod  i*  thcoce  conkinoed  I 
tadkUn.  or  toward*  Virh;  and  It*  tin*  nf  ipringm.    Th«  tptinf  of  lh«  Cdcallas  is 
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rection  from  S.S.E.  to  N.N.W  was  also  productive  of  fractures ;  for 
separate  portions  of  the  mass  which  deviate  slightly  from  the  geueral 
and  prevalent  direction  are  found  to  be  broken  across,  and  thus  the 
strata  here  and  there  dip  against  or  away  from  each  other,  all  which 
iudicates  great  violence  of  movement. 

It  is  important  to  remark,  that  the  direction  in  which  the  verti- 
cal strata  have  been  upheaved  is  also  that  along  which  the  most 
remarkable  of  tlic  mineral  springs  of  Vichy  occur.  Leaving  the 
well  of  the  Celestins,  and  passing  in  the  contuiuation  of  its  line  of 
fracture  to  the  N.N.W.  over  the  masses  of  calcareous  rock  and 
tuff  on  which  Vichy  stands,  you  come  to  the  copious  thermal  foun- 
tain of  the  H6pital,  whose  temperature  is  Sj^-'ia  Centigrade.  Still 
further  to  the  S.S.E.  are  the  issues  of  the  Grande  Grille,  39°-26,  and 
the  "  Grand  bassin,"  44°'88  ;  both  issuing  m  different  parts  of  the 
same  great  building  or  "  Jfitablissement* ." 

•  It  is  not  my  province  to  enter  into  details  respecting  the  properties  and  con- 
tentt  of  the  various  springs  of  Vichy,  which  are  seven  in  number ;  but  the  four  prin- 
cipal sources  are  those  mentioned  in  the  text.  Tlie  reader  who  desires  to  see  why 
Berzelius  was  of  opinion  that  all  such  thermal  sources  were  produced  by  former 
volcanic  action,  will  consult  the  '  Qucllcn  von  Karlsbad '  of  that  author,  who 
assimilates  the  origin  of  those  in  Germany  and  elsewhere  to  that  of  the  numerous 
"  volcanic  springs  "  of  Central  France.  See  al&n  DischolTs  '  Vulkanische  Mineral- 
qnellen  Deutschlands  und  Frankreich,'  Bonn,  1826.  The  order  of  the  strata  at 
Vichy,  and  the  occurrence  of  granite  as  the  underlying  rock  whence  the  springs 
rise,  are  inaccurately  given  by  this  last  author,  owing  to  the  work  cited  by  him 
as  authority.  (See  note,  p.  77.)  It  is  interesting,  however,  to  observe,  that  the 
springs  of  Central  France  which  possess  the  highest  temperature  are  situated  in 
rocks  and  positions  which  seem  to  indicate,  that  the  heat  was  developed  in  very 
ancient  fissures ;  like  those  of  Mont  Dor  and  Chaudes  Aigues,  the  former  45  , 
the  hitter  88°  Centig.  The  same  may  be  said  of  the  springs  of  Gastein  in  the 
Alps,  whose  temperature  is  36°  Reaumur.  1  annex  a  table  of  the  mineral  consti- 
tuents in  a  gallon  of  the  water  taken  from  the  various  sources  at  Vichy.  For  the 
medicinal  effects  of  the  waters,  the  reader  must  consult  the  publications  of  MM. 
Patiaxier,  Petit,  Sec,  and  of  Dr.  Duraud  Fardel. 

MnCKaAL  CONSTITUENTS  IN  A  GALLON  OF  VlCHY  WATIB. 

(Taken  from  the  Rapport  sur  I'emploi  des  Eaux  Min^rsles  de  Vichy,  par  Patistier 
et  Petit.     Paris,  Bailliire,  1840.) 


Snbtt&QMa  contained  in 
themten. 

Source 
of  the 

Grande 

Grille, 

Ump. 

S9°18C. 

Souree 
of  the 

Chomel, 
3il°-a6 
Cent. 

Source 
of  the 
Great 
Buin, 
««°-88 
Cent. 

Sonrce 
of  the 

"si;'- 

Cent. 

Source 
of  tbe 
Acuiu, 
a7°-ss 
Cent. 

Source 
of  the 
Lucu, 
SS'-85 
Cent. 

Source 
of  the 
Cetei. 

tine, 
le"-;! 

Cent. 

lit. 
0-475 

lit. 
0499 

lit. 
0-534 

lit. 
0494 

lit. 
0649 

lit. 
0-540 

lit. 
0-562 

Carbonate  of  soda 

Carbonate  of  Ume 

Carbonate  of  magnesia 
Chloride  of  sodium    ... 

Sulphate  of  soda    , 

Oxide  of  iron 

gn. 
4»8I4 
0-3498 
(>!(K49 
0-57O0 
0-4725 
0-0029 
0-0736 

gn. 
4-9814 

o-ai8a 

(t-0852 

u-57m 

(H725 
0-*t31 
00724 

gn. 
4-9814 
0-3429 
0  0869 
0-57<H) 
0-4725 
O-OOfit; 

gn. 
50513 
05223 
0-0952 
05426 
0-4208 

o-(ioao 

gn. 
5-0313 
0-5668 
0<H»72 
05426 
0-4208 
0-0170 
00510 

gn. 
5-0863 
0-5(Klo 
0-011711 

o-5J(i;t 
o-3:«;i 

il02<J 
0-0415 

gn. 
5-3240 

0-6103 
0-0723 
0  5770 
0-2754 
0-0059 
01131 

Silei    

0-0726  0-U4  72 

Total      

6-5351 

8-5531 

6-5171' 6-6814 

67461 

6-6678 

6-9803 

Prom  comparative  analyses  by  Struve  it  would  appear,  that  the  Vichy  water  cou- 
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If  any  geologist  should  observe,  upon  «nr  one  givrn  liiir,  diffrirnt 
mineral  springs,  holding  the  siime  salts  in  solution,  us  well  as  im- 
pregnated with  the  same  gas,  he  wonld  naturally  infer  (particularly 
if  they  were  hot-springs)  that  they  issued  from  a  deep  craeic  in  the 
sulijarent  crust  of  the  globe.  This  presumption  is,  I  think,  con- 
verted into  a  certainty  in  the  ease  of  Vichy,  by  the  coincidence  of 
the  upcast  of  the  rocks  of  the  Celestius  with  this  line  of  thermal 
n)riiig8.  So  far  all  seems  to  be  a  legitimate  deduction  from  farts. 
But  if  I  am  asked,  how  is  it  that  along  the  same  line  of  fissure  the 
water  of  the  Celestins.  so  copiously  charged  with  carbonate  of  »o<ia 
and  carbonic  acid,  should  be  cold,  and  that  the  other  spruigii  cun- 
tainiug  those  substances  are  hot  ?  and  why  the  respective  tempera- 
tures of  the  warm  sources  should  so  varj'  ? — the  answers  must  be 
hypothetical. 

The  view  of  Daubeuv  and  other  chemical  geologists  is  that  thi* 
carbonate  of  soda,  which  impregnates  mineral  waters,  is  attributable 
to  the  action  of  the  carbonic  acid  they  contain  upon  the  fels|>ar  of 
some  subjacent  rock.  In  this  tract  it  is  very  probable  (hat  large 
masses  of  felspathose  rocks  (such  as  the  adjacent  j)orph_>  ries  of  CuiMt 
and  the  Sichon)  lie  beneatli  the  tuifs  and  limestones  of  Vichy,  and 
really  furnish  the  sotla*. 

But  whatever  may  be  the  subterranean  source  whence  the  mineral 
ingredients  of  these  waters  may  be  derived — whether  from  cum)Mi- 
rativelv  nio<lcrate  depths  only  in  the  crust  or  otherwise,  there  can  be 
little  Jonbt  that  their  lower  or  higher  temperature  is  dejiendent  on 
the  a]>erture  beneath  each  being  less  or  more  ui  conni-ctinn  with  • 
great  internal  source  uf  heat.     Thus,  I  would  infer,  tiiat  beucAth  UiC 

ttini  three  timet  the  qiuntiry  of  carbonate  of  todi  Hrtertrd  In  the  Cvfabail  waMn 
by  [irrrrliiii,  ind  nearly  twice  u  much  u  the  most  alkaline  water  uf  Crrmany. 
at  Fachingrn,  analrtrd  by  DiMliolf.  That  luch  a  watrr  ihoulil  liaim  ino»t  pciMrrfol 
talutary  etrecti,  lu  many  lUtordrn,  is  not  thcrefonr  to  be  wiimlcrnl  at.  At  the 
(irandc  Grille,  the  ingrcdieiiti  (dilTehng  only  ilightly  (ram  the  other  iouroe«) 
are  a>  fuUowi . — 

Carlmnate  of  (Oda    ».......«».... „m....~....  ai-WiD 

CarlKinale  of  ammonia    ............ ^ 0-0277 

Carbonate  of  ttrontia O-OlSl 

Carbonate  of  lime    01441 

Carbonate  of  macnetia   0-2036 

Carbonate  (proto)  of  manganeae   00028 

Carbonate  (proto)  of  iron  0H>07t 

Sobphocphate  of  lime ,. (HKM 

Sahf)m«phate  of  magooia „..„ 0OI89 

Sulphate  of  potaM  ..., „.„ I-I760 

Sulphate  of  toda .^ 0-67BO 

CUotidc  c^  aodiuni S  S338 

Bmnide  of  aodium  ...» (HMn7 

ladMe  of  Mdiam OHMXn 

Almnina    »•>. ^     0iMM9 

Silic*        0-36!» 


Solid  eoolenla.    Total 29  IH93 

C'aibouir  acid  pu  m  10«  cubic  Inche* 97. 

Trniprrature  (Kahr.)  107°. 
*  See  Report  on  Mineral  Springa,  Briti»h  Attociatloii  for  th*  Ailv 
Sdeocc  lUC,  (tqI.  t.  p.  ill  el  trj. 
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Celegtins  the  crnrk  docs  not  opeu  downwards  to  a  depth  sufficient  to 
produce  a  change  of  temperature,  or  if  ever  guch  deej)  opening  ex- 
isted, it  was  probably  filled  up  alung  a  fault.  Beneath  the  waters 
of  the  Ilopital,  on  the  contrary,  there  must  still  be  an  aperture  ade- 
quate to  allow  a  considerable  escape  of  heat ;  whilst  beneath  the  New 
£!<(abUshnient,  or  farther  S.S.W.,  tliere  is  a  still  dee|)er  and  opeu 
reot,  by  which  additional  gas  escapes,  and  heats  the  water  that  has  ac- 
cess to  it,  uj)  to  the  uiaximuni  temperature  of  nearly  4.')"  Centigrade. 

A  thermal  spring  exhibits  a  constancy  from  age  to  age  which 
never  has  been  satisfactorily  accounted  for,  except  bv  supposing  that 
its  heat  is  derived  from  a  great  internal  and  unchanging  cause.  How- 
ever we  may  speculate  on  this  |>oint,  the  chemist  must  not  forget, 
that  the  geologist  offers  to  him  the  elements  to  guide  liis  first  steps 
in  the  intjuirj-.  We  show  in  tliis  case,  as  ui  numberless  other 
examples,  that  the  hot  water  issues  from  a  line  of  fissure.  At 
Vichy,  indeed,  we  may  go  farther,  and  try  to  explain  when  the  fis- 
sure was  produced.  My  imjiression  is,  that  toward  the  close  of  the 
lacustrine  tertiarj'  period  (and  therefore  at  a  very  remote  time  as  re- 
spects the  present  surface)  the  arragonites  and  tuffs  of  the  Celestins 
were  formed  by  very  powerful  and  copious  hot  springs,  and  depo- 
sited in  more  or  less  horizontal  positions.  For,  although  there  are 
no  organic  remains  to  prove  that  such  was  their  age,  all  the  physical 
evidences  point  to  that  conclusion.  I  do  not  doubt  that  the  hard 
arragonite  rocks  of  the  Celestins  fornitd  tlu"  upper  part  of  the  lacus- 
trine old  tertiary  series  of  the  Liitiagiie,  whirh  must  have  undergone 
great  upheavals  en  mtui«e  anterior  to  the  establishment  of  the  present 
outlines  of  the  hind.  The  best  proof  of  change  of  position  in  these 
limestones  is  the  fact  stated  in  one  of  the  opening  paragrajihs  of  tliis 
memoir,  viz.  that  there  are  no  barriers  whatever  on  the  north  by 
which  we  can  now  account  fur  the  accumulation  of  such  vast  and 
insulated  deposits  of  terrestrial  origin  ;  and  that,  therefore,  the  most 
remarkable  changes  in  physical  outUne  have  since  been  impressed 
ujion  the  whole  region. 

The  old  lacustrine  de[)osits,  when  formerly  insulated  by  such  bar- 
riers from  the  sea,  must,  indeed,  have  occupied  a  considerable  de- 
pression, which  underwent  a  succession  of  upheavals,  acconi|>auied 
oy  the  evolution  at  inten'als  of  ranch  igneous  and  volcanic  rock.  In 
elevations  of  this  cjrteusive  and  massive  nature  there  must  neces.sarily 
have  been  also  ojicn  cracks,  the  result  of  sharp  fractures,  by  which 
the  heat  and  gas  escaped,  and  one  of  these  was,  1  presume,  the  fis- 
sure of  Vichy,  along  which  some  communication  with  internal  heat 
has  ever  since  been  kept  up.  Now,  in  Central  France  (i.  e.  in  Au- 
vergne  and  the  Vivarais,  or  the  .southern  jiart  fif  this  \«xy  region)  ig- 
neous o[)erations  have  been  at  work  from  periods  of  high  antiquity, 
until  the  crust  assumed  nearly  all  its  present  outlines,  and  when  vol- 
canos  broke  forth  which  poured  their  lava  streams  into  the  existing 
valleys,  as  beautifully  delineated  in  the  work  cif  Scrope*.  I  infer 
that  the  dislocation  at  Vichy  could  not  have  taken  ]>lace  at  this  latter 


*  Volcaooi  of  Genual  France. 
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period,  because  it  is  manifest,  that,  since  it  occurred,  there  have  been 
considerable  changes,  in  one  of  which  the  gravel  and  debris  alluded  to 
were  spread  over  the  tops  of  the  broken  and  eroded  strata  (see  fig.  2, 6). 
The  fissure  at  Vichy  was  therefore  probably  produced  at  the  period  of 
the  emission  of  the  domites,  trachytes,  and  earlier  basalts,  which,  as 
Tolcanic  outbursts,  have  Uttle  reference  to  the  existing  geography  of 
the  region.  I  can  now,  however,  say  no  more  in  respect  to  toe  earlier 
volcanic  operations  of  Central  France,  except  to  connect  them  in  mj 
mind's  eye  with  the  fracture  along  which  the  waters  of  Vichy  were 
first  evolved.  The  full  explanation  of  this  subject  would  require  a 
long  memoir,  and  much  more  attention  than  I  have  paid  tu  the  sub- 
ject. I  will  conclude,  therefore,  for  tlic  present,  with  |iointing  out,  that 
the  fracture  of  theCelestins,  and  the  line  on  which  the  thermal  water* 
of  Vichy  issue,  being  from  S.S.E.  to  N.N.W.,  Ls  parallel  not  only  to 
the  depression  in  which  the  Allier  there  flows  (probably  also  a  fis- 
sure*), but  also  to  the  major  axis  of  the  Forez,  with  its  old  depont* 
and  porphyritic  rocks. 

*  A  minor  iitue  of  mineni  iprings,  apparentljr  panllei  to  the  fiuutt  at  Vicbj, 
oecun  on  the  oppouie  bank  of  the  Allier. 
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Chemical  Society,  Quarterly  Journal.     Nos.  10,  11. 
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Geographical  Society  (Royal),  Journal.     Vol.  xx.  part  1 . 

Uaarlem,  la  Socictd  Ilollandaise  des  Sciences.  Vol.  iii.  part  2  ;  vol.  v. 
parts  1  &  2  ;  and  vol.  vi. 
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Horticultural  Society,  Journal.     Vol.  v.  part  3. 
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Haitlinger,  If.     NaturwissenschafUiche  .Vbhandlnngen.     Vol.  iii. 

.     Berichte  iiber  die  Mittht-ihingen  von  Freundcn  der  N»- 
tunviaseuscluiAen  in  AVieu.     >'ols.  v.  vi.  It<49. 

Homer,  Leonard.  Observations  on  Pn>f.  Lepsius*  DiscovrrT  of 
Sculptured  Marks  on  the  Kocks  in  the  Nile  Valley  in  Nubia. 
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logy  and  Scripture  reconciled. 
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Jonet,  T.  Rupert.  Description  of  the  Entomostrnca  of  the  Pleisto- 
cene Beds  of  Newbury,  Copford,  Clacton,  and  Grays 

Journal  of  a  Tour  through  the  Ilighlands  of  Scotland  during  the 
Summer  of  1829.     From  the  Author. 

Jukes,  J.  B.     A  Sketch  of  the  Physical  Structure  of  Australia. 

Karte  von  deni  Kuukasischeii  Isthmus  und  von  Armenicii,  von  Prof. 
Dr.  Karl  Koch.  ErliiutiTungtii  zu  Koch's  Karte  des  Kauka- 
sischen  Isthmus  und  Armeniens.  Fram  the  PuUisher,  Herr 
F.  eon  Dietrich  Reimer. 

'Koninck,  Dr.  L.  de.     Nouvellc  notice  sur  lea  Fossiles  du  Spitzberg. 

I  Lists  and  Catalogues  of  Natural  History,  publislied  by  the  British 
Museum,  28  parts.       From  Sir  liniry  Ellis,  by  direction  of 
the  Trustees  of  the  British  Museum. 
List  of  the  Fellows  and  Members  of  the  Royal  College  of  Surgeons. 
August  31,  1850.     From  the  Royal  College  of  Surgeon*. 
luUock,  Sir  J.  W.     On  the  Tlieory  of  the  Moon.     Part  9. 
Jdantell,  G.  A.,  LL.D.     A  descriptive  Catalogue  of  the  Objects  of 
I         Geology,    kc.    in    the   Museum  of  the  Sussex  Institution  at 
Brighton,  (>th  edit. 
• .     On  the  Pelorosaurus. 
* .     Siipjdenientary   Observations  on  the  Structure  of  the 
Belernnitc  and  Bctcmuotcuthis. 

I  Memoirs  of  the  Geological  Survey  of  the  United  Kingdom.  Figures 
and  Descriptions  iliiistrntivi;  of  British  Organic  Remains.  De- 
cades 2,  3.  From  the  Director  General  of  the  Geological 
Survey. 
Kotice  sur  le  Crioceras  Voroniovii  dc  Sperk,  par  G.  Fischer  de 
Waldheim.  From  (he  Imperial  Society  of  Naturalists  of 
Moscow. 

P Observations  made  at  the  Magnetical  and  Meteorological  Observatory 
at  Hoharton,  Vol.  i.  From  Lieut.-Col.  Sabine,  by  direction 
of  the  British  Government. 

Oldham,  Thomas.  Presidential  Address  to  the  Geological  Society  of 
Dublin,  Feb.  20,  1850. 

u  the  Gnomonic  Projection  of  the  Sphere.     From  the  Author. 

Pretturich,  Joseph,  Jun.  On  the  Geological  Conditions  which  de- 
L  terniinc  the  relative  value  of  the  Water-bearing  Strata  of  the 
I        Tertiary  and  Cretaceous  Series. 

Reeve,  Lorell.  Conehologia  Iconica.  Monograplis  of  the  genera 
Acliatinella,  Lucina,  Artemis,  Fissurella,  and  Partula. 

,  and  Arthur  Adams.     The   Zoology  of  the  Voyage  of 

H.M.S.  Samarang.     MoUusca.  Part  3. 
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Report  to  General  Sir  T.  M.  Brisbane,  Bt.,  on  the  oompletioD  of  the 
publication  of  the  Observations  made  at  Makerstoun,  by  J.  A. 
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Riviire,  A.  Etudes  6^1(w;iqae«  et  Min^ralogi^ues,  on  Consid^r»- 
tions  pour  senrir  iL  la  thrarie  de  la  classification  rationnelle  dea 
terrains. 
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Sedgwick,  Adatn,  A.M.  A  Discourse  on  the  Studies  of  the  Uni- 
versity of  Cambridge.     5th  edition. 

Tehihatehefi  P.  de.    L'Asie  Mineure  et  I'Empire  Ottoman,  tec. 

Wild,  John  Jatne*.  A  Letter  to  the  Rt.  Hon.  Lord  Brougham  and 
Vaux,  containing  Proposals  for  a  Scientific  Exploration  <^£gjpt 
and  Ethiopia. 
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January  8,  18.il. 

Prof.  Ucinrich  G.  Bronii,  Prof.  Wilhelm  Haadinger,  Colonel 
Gregorius  Helmerscii,  and  James  Dana,  Es(|.,  were  elected  Foreign 
Members. 

The  following  communicationB  were  read  : — 

I.  On  Tertiary  Leaf-Beds  in  the  Isle  ok  Mull.  By  the 
Duke  up  Argyll,  F.G.S.  With  a  Note  on  the  Vegetable 
RKMAiNs/ro/rt  Ardtun  Head.    By  Prof.  E.  Forbes,  V.P.G.8. 

The  iHland  of  Mull  is  deeply  indented  in  a  direction  nearly  east  and 
west  by  two  long  arms  of  the  sea.  Loch  na  Kael  and  Loch  Scridden, 
forming  the  three  natural  divisions  described  by  MaccuUoch  as  the 
Northern,  the  Middle,  and  the  Sonthern  Trap  Districts.  The  North- 
em  division  is  of  comparatively  low  elevation,  and  composed  chiefly 
of  terraces  of  tray).  1  am  not  uware  that  it  has  ever  been  carefully 
examined  in  detail ;  but  it  has  been  understood  not  to  present  any 
features  of  remarkable  geological  interest.  The  midiilc  division  is  a 
lofty  and  rugged  tract,  containing  the  fine  summits  of  Ben  Tulla  and 
L         Ben  More,  the  latter  being  one  of  the  highest  mountains  on  the 
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western  coast,  and  visible  from  a  great  distance  among  the  Hel)rides. 
These  mouutaius  are  raised  far  above  the  highest  level  to  which  the 
traps  of  the  island  attain.  A  portion  of  it  is  coloured  bv  MaceuUoch 
as  syenite,  and  specimens  in  my  possession  firom  the  Peak  of  Ben 
More  belong  to  this  class  of  rock.  But  the  whole  of  the  long  and 
high  promontory  stretching  westward  from  the  flank  of  Ben  More, 
and  lying  between  Loch  na  Kael  aiid  Loch  Scridden,  exhibits  great 
tarmces  of  trap,  piled  one  above  the  other,  and  terminates  in  that 
striking  headland  of  Bourg  or  (Jribon,  whose  lofty  horizontal  lines 
rise  from  the  ocean  with  almost  perfect  regularity  in  a  pyramidal 
form,  until  the  finfU  cap  attains  an  elevation  of  about  2000  feet. 

The  southern  (hvision  has  been  long  known  for  the  magnificent 
coast  scenery  it  displays  ;  presenting  a  contimioiis  line  of  mural  pre- 
cipices of  great  elevation,  freijucutly  based  on  and  cnppetl  by  biusalts 
of  every  variety  of  form,  and  iucludtug  extensive  strata  of  tlie  ooUte 
and  lias.  Sections  of  this  coast  liave  been  given  by  Macculloch*  and 
by  Sir  R.  I.  Murchisonf- 

Tills  division  is  prolonged  considerably  farther  towards  the  west 
than  the  other  two,  ending  in  the  long  promontory  called  the  Ross. 
The  same  geological  character,  however,  is  tiot  preserved  throughout. 
At  a  point  nearly  opposite  to  the  headland  ot  Bourg,  the  trap  ter- 
races of  this  rU\  isiou  likewise  descend,  but  less  abruptly,  to  a  lower 
level.  An  intenal  of  mica  slate  succeeds  ;  and  the  remainder  of  the 
Ross  consists  of  low  round  hills,  entirely  composed  of  a  fine  hard  red 
granite. 

Along  the  line  of  junction  between  the  trap  and  mica  slate,  the  Ross 
ifl  indented  in  a  direction  nearly  north  and  south  by  a  deep  bay  or  arm 
of  the  sea,  caUed  Loch  Laigli.  The  head  of  this  bay  is  mica  slate, 
the  western  side  is  granite,  whilst  the  eastcni  is  a  prolongation  of  the 
last  and  lowest  of  the  trap  terraces — the  last,  I  here  ineftii,  in  the 
westerly  direction,  but,  as  it  now  appears,  the  last  also  probably  in 
respect  to  age.  In  most  other  situations  the  headland  of  Ardtun, 
the  termination  of  this  terrace,  would  have  attracted  [jrominent  at- 
tention ;  but  its  basaltic  colunnis,  although  very  |)erfect  and  beauti- 
ful, are  small  when  compared  with  those  wonderful  pillars,  which  in 
the  same  landscape  are  seen  bending  round  the  cave  of  Staffa,  whilst 
in  height  it  seems  an  insignificant  clift"  upon  a  line  of  coast  marked 
by  the  towering  precipices  of  the  Ininiore  of  Carsaig  and  the  lofty 
terraces  of  Bourg. 

The  first  public  mention  I  can  find  of  the  headland  of  .Vrdtun  is 
from  the  pen  of  Dr.  .Sanniel  Jnhnsuii.  Sir  .Vllan  M'Lean,  in  con- 
veying him  from  the  islaiul  of  Inch  Kenneth  to  visit  the  ruins  of 
loua,  selected  this  spot  as  a  resting-place  ;  and  the  Doctor  mentions 
tliat  its  columnar  basalt,  on  whose  broken  shafts  they  sat,  was  pointed 
out  to  him  as  scarcely  less  deserving  of  notice  than  that  of  Staffa. 
This  was  in  1 773,  and  the  visit  of  Sir  Joseph  Banks  in  the  previous 


•  Description  of  the  Western  Islanda  of  Scotland,  &c.  1819,  vol.  L  pp.  559, 
561  ;  and  vol.  iii.  pi.  20.  fig.  11. 
t  Trans.  Geol.  Soc.,  2nd  SeriM,  vol.  ii.  Pt.  3.  p.  359.  pi.  35. 
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marknljlc-  onit-r  of 
rocks  urorheBil  diil 
attract  tin-  particular 
tftition  1)1'  BIT  Allan  and 
his  party.  But  it  is  more 
curious  tluit  thv  >trry  spot 
wbiTi'  tliat  ortliT  is  beat 
displayetl,  oiid  wlicrr  tlw 
uuiikiihI  character  uf  iba 
8tratn  ili<l  actually  attract 
uiiiiuto  nttcittiuii,  was  vi- 
sited auil  cxaminotl  m 
long  nff3  u  \'  'It 

«iiytlis«)vm  i       _      >  ti- 
ed of  the  organic  i 
whicli   have   aoce  baca 
brought  tu  light. 

In  tliK  I'hiloaopliical 
Tmnsartion.t  for  th**  Tt«r 
1790  (p.  7'-ietiieq.)  ibett 
ia a pa|>cr eulitlcd  "Same 
account  uf  the  Strata  and 
Volcanic  apiH-aranccs  in 
the  North  ot  Ireland  and 
Western  Islands  of  Scot- 
laud,"  in  two  letters  fn 
Abraham  Mills,  Kmi 
John  Lloyd,  Iv«<|.,F. 
From  thin  paper  1 
cxtractoii  the  fnlloii 
arcoiiiif  of  the  hradta 
of  Ardlnn  (p.  7^)  :— 
"  Ilcncc  we   »trerrd  for 

.\nltun  llrnd when 

we  Bp[irnaclird  the  Head, 
we  stop|H-d  the 
and  sot  some  time  eon- 
teinplating  the  wunderAll 
amiii;;eincnt  of  the  bar 
sallie  eoluiiins,  and  ; 
rowed  along  nhoie  to  the 
I  inntfrn  ti  eastward,  lukd  a  fine  Tiev 
1l«1imK>«i.  of  ihe  various  sits 

»hich  the  columns  are  thrown.     'Flic  coast  beinjf  e*er 

it  was  some  time  l>cfore  we  could  pH  a  oontenieut  place  le 
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land,  but  having  at  last  got  on  shore,  we  marched  to  the  extreme 

Soiiit  or  head.  About  a  quarter  of  a  mile  from  this  spot  is  a 
eep  gleu,  running  N.N.E.  to  the  si'A.  It  is  about  thirty  yariU 
in  Icugtii  and  twenty  in  breadtli.  The  strata  are  disposed  in  the 
following  extraortUnarv  ninuuer.  The  uppermost  is  ten  yards  of 
lava  with  horizontal  divisions  and  vertical  joints  taking  the  fonn  of 
nide  jiillars.  Under  this  is  a  horizontal  bed  of  a  perfectly  vitrified 
substance,  which  appears  to  have  been  a  sliale,  and  is  from  one  to 
two  inches  in  thickness.  Beueatli  this  there  is  about  three  yards 
of  a  siliccKiiii;  gravelly  concrete,  below  which  are  horizontal  beds 
of  inilurated  marl  of  various  thicknesses,  from  six  to  twelve  inches. 

Tile  whole  of  these  beds  taken  together  are  about  four  yards 

Lastly,  there  are  ten  yards  of  nide  lava,  containing  specks  of  quartz 
and  mica  unaltered,  pieces  apparently  of  granite,  and  some  nodules 
of  calcined  chert.  The  whole  is  incumbent  on  regular  basalt  pillars 
of  various  dimensions  from  eighteen  to  six  inches  in  diameter." 

With  the  exccjition  of  the  total  omission  of  the  three  beds  contain- 
ing the  vegetable  remains,  two  of  which,  altliough  comparatively  thin, 
are  sufficiently  conspicuous,  this  description,  as  will  be  seen,  is 
tolerably  accurate.  Since  the  visit  of  this  gentleman,  I  am  not  aware 
that  this  ravine,  or  "glen,"  the  only  i)ouit  at  wliich  the  strata  are 
suflicieully  accessible  to  be  exainiue<l  in  detail,  has  been  seen  or 
known ;  the  neighbourhood  only  having  been  visited  at  difterent 
times  by  Professor  Jameson,  the  Marquis  of  Northampton,  then  Earl 
of  Compton*,  and  by  Murchison  and  Sedgwick;  and  although 
there  is  some  ambiguitv  in  the  precise  localities  alluded  to  in  some  of 
MaccuUoch's  remarks  on  this  district,  I  think  it  probable  that  he 
had  at  least  coasted  round  this  headland  in  a  boat  and  observed  the 
lines  of  stratified  matter  between  the  upper  and  lower  basalts! 

Fig.  3. —  Pictorial  Sfctiun  of  .'ltd fun  Head. 


S,  i.  Second  tuff-btid. 
«,  6.  Third  lraf-l>«l. 

7,  7.  Am'trjibnui  la«tdt. 

8,  S.  Colunmar  bo^^ill- 

Although  aware  that  fossil  leaves  had  l)een  accidentidly  found  n 
I  few  years  ago  in  the  promontory  of  .\rdtuu,  I  had  not  until  this  year 
♦  See  Trans,  fieol.  Soc.  vol.  v.  Part  2.  p.  .leu. 
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au  opportunity  of  t-xainiiung;  the  spot  front  whirh  they  oune.  Hsnag 
now  had  the  adviiiitage  of  doing  no  iii  cuiiipaiiy  with  Jamn  Smith, 
Esq.,  of  Jordan  Uill,  1  sJiall  jiroceed  to  describe  the  onk-r  and  nature 
of  the  beds  presentetl  in  the  natural  transverse  section  formed  by  the 
ranne. 

The  cliff  was  roughly  estimated,  by  help  of  an  aneroid  hanimeter, 
at  the  height  of  130  feet.  In  the  descendiug  order  the  beds  are  di»- 
posed  as  follows : — 

1 .  Basalt,  accurately  described  by  Mr.  Mills  as  hariug  "  horixoutal 
divisions  and  vertical  joints,"  taking  the  fonn  of  rude  pillar».  Thia 
bed  of  basalt  is  thicker  on  the  western  than  on  the  eastern  side  of 
the  ravine,  and  appears  to  consist  of  two  sheets,  separated  by  a  tbin 
seam  of  highly  vitrified  matter  or  obsidian.  Mr.  .Nlilis's  ratuuaU*  of 
the  thickness  of  the  basalt  may  be  tolerably  correct,  viz.  30  fe«t. 
The  jointed  character  of  this  basalt  renders  it  peculiarly  liable  to  the 
disintegrating  effects  of  weather.  The  bottom  of  the  raviue  i>  oovercd 
with  its  fallen  blocks. 

2.  The  first  leaf-bed,  a  thin  seam,  about  a  foot  thick,  of  ahaly 
matter,  bearing  impressions  of  leaves  and  stems  of  plants. 

3.  A  bed  of  volcanic  ashes  or  tuff ;  beuig  an  ashy  paste  full  of  whilr 
angular  fragments  or  lapilli,  di.sposed  in  a  manner  characteriatie  id 
erupted  volcanic  matter,  and  closely  resembling,  as  I  am  inftwimd 
by  Sir  C.  Lyell,  similar  products  found  in  ^lont  D'Or  in  .\uTergiie. 
It  appears  to  roe  to  resemble  very  closely  also  some  of  the  tuffs  in  tboae 
remarkable  ravines  across  which  the  road  passes  from  Castel  a  Marc  to 
Soreuto,  in  the  vicinity  of  Naples  and  Vesuvius  ;  and,  further,  it  was 
recognised  by  Mr.  Smith,  of  Jordan  Hill,  as  verv  similar  to  some  ot 
the  volcanic  products  of  the  island  of  Madeira,  'ihis  bed  varies  much 
in  the  fiueuests  or  coarseneM  of  ita  c«)m|M)nent  fragments ;  at  some 
points  consisting  of  cloae  fiue-graiiicd  matter,  with  wtiite  specks 
mon-  or  leia  abundantly  interspersed  ;  at  others  preaentiiig  aa  ex> 
ceediugly  oowK  textiirr,  the  paste  contaitiiiig  large  Afagmeuts  of  a 
puniiceoua  matter,  with  the  white  lapilli  of  corrc8|>ondiiig  site.  Bol 
there  b  one  peculiarity  of  a  remarkable  cliaracter ;  the  whole  of  tbc 
beda,  although  not  far  removed  from  the  horizontal,  dip  slightly 
towards  the  S.K.  or  landward  end  of  the  ra«iue  ;  and  u|iou  the  dip, 
thia  bed  of  tuff  passes  into  a  conglomcnta  of  flints,  oobering  hj  a 
cement  so  tf  narious,  that  the  flints  themaahta  freqaently  break  nUacr 
than  quit  their  matrix.  These  flints  prwcnt,  when  wet  and  freahly 
hmken,  the  most  briUiaut  tints  of  red  and  orange,  and  are  rvideatly 
more  or  leiw  in  a  burnt  condition.  Some  of  them,  however,  are  Ma 
altennl  than  the  rent  in  texture  and  rotour.  One  s]M-cimen  1  obtaiaed 
from  extenml  oppeanuice  alone  was  easily  idrntifuii  as  an  une(|aivo- 
ral  rlialk  flint ;  and  aAer  I  luid  shown  it  at  the  late  meeting  of  the 
Britisli  .Assiiciatiuii.  a  fossilized  orgaiiisni  was  di!triiverr<l  in  it,  which 
planil  this  cuiu-lusion  bevoiid  a  doubt.  The  white  Upilli,  thnjughool 
the  whole  course  of  the  ued,  are  generally  silintius  ;  altJiough  KNM 
of  the  minuter  itarticles  have  the  appeamoce  of  unaltrrrd  chalk. 

■1.  The  fourtn  band  in  tlie  deaerndinic  order  is  the  second  leaf-h«d  ; 
thai  which  it  by  fkr  tltr  richest  in  ve|;«table  remains.     It  is  about 
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2  fwt  thick ;  and  the  lower  portiou  of  it  is  not  so  much  miiieral 
matter  with  organic  impressions  as  a  compressed  mass  of  leaves,  not 
a  few  of  which,  when  the  layers  are  partly  divided,  seem  still  to  retain 
the  damp  obscure  colours  of  vegetable  decay.  The  composition  of 
the  betl  becomes  harder,  as  it  passes  upward,  where  there  is  more  and 
more  mineral  matter,  with  fewer  impressious  of  plants.  These  are 
still,  however,  frequenf,  presen-ing  in  large  and  small  leaves  the  most 
delicate  tracery  of  the  skeleton.  Some  few  impressions  of  twigs  are 
found  even  above  the  limits  of  the  bed,  and  here  and  there  mark  the 
lower  portions  of  the  superincumbent  tuff. 

5.  The  fiflh  bed  is  a  second  band  of  tuff,  similar  in  composition  to 
the  one  above  described,  but  somewhat  tliicker.  Owing,  however,  to 
its  dipping  luider  the  sloping  base  of  the  ravine,  less  of  its  course  is 
visible  than  of  the  one  above. 

6.  The  sixth  bed  is  a  seam  of  what  may  be  best  described  as  baked 
clay  or  very  fine  mud.  It  is  very  brittle,  but  without  any  particular 
form  of  fracture.  From  its  general  appearance  and  relative  {>ositiou 
among  the  beds,  it  at  once  suggests  itself  to  be  a  third  leaf-bed. 
Accordingly,  after  some  search,  a  few  im|>ressions  were  obtained  of 
leaves  apparently  similar  in  character  to  those  found  in  the  su[>erior 
deposita.  But  the  nature  of  the  material  prevents  more  than  mere 
fW^nentj  lieing  obtained. 

7.  Below  this  third  and  last  leaf-bed  the  cliff  is  composed  of  a  dark 
amorphous  basalt.  Like  most  of  the  traps  and  basalts  of  the  distriot, 
it  is  of  an  amygdaloidal  structure,  the  cavities  being  tilled  with  various 
mineral  crystals.  On  the  surfaces  exposed  to  the  action  of  the  air 
and  sea-spray  these  have  decayed  out,  and  the  empty  boles  give  here 
and  there  a  iioney-combed  ajtpearance  to  the  rock. 

8.  Lastly,  the  cliff  ends  in  beautiftdly  colunuiar  basalt,  dipping 
into  the  sea.  I  have  not  ascertained  the  soundings  nor  the  nature  of 
the  bottom,  and  consequently  am  unable  to  say  what  may  be  the 
height  of  the  columns.  They  may  be  seen,  however,  to  a  consider- 
able depth  in  the  clear  waters  of  tiiat  sea.  They  arc  sotnetimes  j)cr- 
pendicular,  sometimes  bent  in  various  directions ;  a  common  disposi- 
tion here  being,  as  at  Staffa,  a  gentle  outward  curve,  as  if  beuiliiig 
under  the  weight  of  the  sui)erincuuibent  cliff*. 

The  point,  at  which  the  ravine  exhibits  a  section  of  these  beds,  is 
that  at  which  the  headland  reaches  its  highest  elevation.  To  tlie 
W.  and  E.  it  declities  in  height ;  but  the  beds  containing  the  vege- 
table impressions  can  be  traced  for  a  considerable  distance  along  the 
■ea-face  ;  and  excellent  specimens  have  been  obtained  from  the  second 
leaf-bed  about  100  yards  farther  to  the  E.  It  has  been  mentioned 
that  the  iieds  dip  gently  towards  the  S. ;  that  is,  in  a  direction  nearly 
parallel  to  the  Hne  of  Loch  Laigh.  The  surface  of  the  headland  of 
Ardtuii  follows  the  same  slope  ;  so  that  at  the  head  of  Loch  Laigh — 
that  is,  in  the  course  of  about  a  mile  along  the  line  of  dip — the  land 
is  but  shghtly  elevated  above  the  level  of  the  sea,  and  it  is  remark- 
able, that  at  both  sides  of  this  headland — n]Hra  the  shore  of  Loch 
Stridden  and  that  of  Loch  Laigh — a  seam  of  coal  has  been  found 

Since  writing  the  ahovc,  I  bave  received  from  Mr.  M'Quorrie  i  measurement 
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immeiliaU'ly  under  a  sheet  of  liasalt  'sceMap.  p.  SK),andFig.  'J).  On  the 
Loch  Scriddrii  side  this  basalt  is  reeidarly  coluuinar,M>ine  20  feet  hich  ; 
oil  the  Loch  Laigh  side  it  is  much  tbiuiier,  and  «omewhat  rewmuM 
a  rotten  trap.  It  is  impossible  not  to  conjecture  from  the  line  of  d^> 
of  the  Ardtuu  strata,  that  tliis  coal-seam  is  a  prolongation  of  one  or 
other  of  it»  leaf-bcdii ;  and,  if  so,  it  would  be  an  interesting  inatance 
of  the  paissage  of  ve<;etable  matter  from  one  condition  to  another  »— 
from  a  state,  in  which  it  if  so  slightly  altered  that  tyerj  fibrp  of  iU 
original  structure  remains,  to  one,  in  which  it  Ls  converted  into  the 
highly  altered  mineral,  coal. 

To  return  to  the  strata  exhibited  at  Ardtun.  The  gpolo^jcsl 
epoch,  to  which  all  the  betb  above  that  of  the  amorphous  btiMklt 
belong,  is  determined  by  the  character  of  the  organic  remains.  Thr 
leaves  are  of  considerable  variety,  but  all  belonging  to  well-known 
existing  fiimilies  of  the  Dicotyledonoiw  order.  They  are  therrfore 
remains  of  the  tertiary  period  ; — a  cunclusiuu  farther  c«>nfiniir<l  bjr 
the  position  of  the  chalk  tliutu  in  the  tuff  cougloinerates  with  wluca 
they  are  a.s.Ho<-iated. 

further,  iliesv  beds  tc^m  to  me  to  furnish  iudisputable  evidence  of 
subiu-rial  volcanic  action,  alternating  with  periods  of  re|M)!ie.     The      ■ 
Becond  leaf-bed  is  the  one  which  throws  the  clearest  Ught  on  the  eir»      ■ 
cumstances  of  its  fonnation.     It  is  to  be  obscrreil,  ui  the  lintt  plaee, 
ttiat  the  leaves  are  not  torn  or  shattered  ;  those  of  the  large  |ialmate«l      _ 
pbines,  as  well  as  those  of  the  small  buckthoni,  &c.,  Iioiiig  fViIly  es-     H 
tended,  and  showing  uurutHed  surfaces.     Leaves,  violently  cast  (Vom      ™ 
the  trees  on  which  they  grew,  would  not  have  presented  such  appear> 
ances.     They  do  not  even  consist  with  the  brittlencss  of  dead  mvci^ 
when    dry.      Two   other    remarkable   circiimstiuic**!   remain   to   iw 
noticed  ;  first,  that  no  trunks  of  tn^s,  no  bnu>rhe«i,  nothing  hejoiul 

of  the  varioui  ti«tl«  at  Ardtun.    At  ■  point  cut  o(  the  rtvioe  wlietc  the 
baaaltt  ue  more  euil]'  mewured,  the  whole  lerie*  lUndi  thin : — 

PcM. 

UppefnKMt  baalt  40 

Pint  leaf-bed  „....  S 

Kir»l  »»li-l>cd  „..        SO 

Seoind  leaf-b«d i^ S^ 

SecoBd  ath-bed  .„.».... 7 

Third  loaf-hcd I| 

AmorplMMU  buolt  48 

ColBmnir  bault  to  the  level  of  low  tide_        10 

Total...    .       UI 
Al  the  ranne  the  i— aw—ent  of  the  upper  seiias  of  bed*  viriei  eoaaiikraMy  < 
ttuMc  ftgure*  p— 

P««C 

;  liwudi  ,. 16 

tl-«i«l « S 

tadt4i«d S 

S«Ma4  iMf-bed ti 

Seraad  aihJiMI  6 

Thinl  IraWiol I) 

from  thi>  II  Hill  lie  trrn  that  Mhilm  the  leaf.lanU  preierve  ■  mnarkahlr  aaUanaitj 
nf  Ihirlinn*,  Ihr  autx-iatrd  atb-hnU  and  baaallt  vary  much.     In  the  B| 
ath.brd  ihetc  b  a  iblferrncc  <if  12  fret,  aod  thu  wuhia  a  thort  'ti'taBpf 
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the  siie  of  the  merpst  twig,  has  been  yet  found  associated  witli  the 
leaves  ;  secondly,  that  plants  of  a  reedy  texture — some  of  them  at 
once  recognisable  aa  Eqiiigefa — are  associated  in  great  abundance  with 
the  leaves,  especially  with  that  lower  portion  of  the  bed  which  almost 
exclusively  consists  of  the  vegetable  remains.  From  aU  this  the  con- 
clusion is  obvious,  that  these  leaves  must  have  been  shed,  autimin 
after  autumn,  into  the  smooth  still  waters  of  some  shallow  lake,  on 
whose  muddy  bottom  they  were  accunuilated,  one  above  the  other, 
fiUly  exjianded  and  at  perfect  rest.  It  cannot  have  been  a  water  agi- 
tated by  tides  or  current*  ;  for  these  would  have  swept  such  remains 
away,  or  left  evidence  in  their  disposition  of  disturbmg  agency.  It 
c;«noot  have  been  water  of  any  de]ith  ;  for  it  is  well  known  that  reeds, 
and  especiiilly  the  EquUetum  and  other  kindred  families,  do  not  affect 
such  situations.  But  there  is  another  ground  for  this  latter  conclu- 
sion :  the  bed  of  a^ihes  or  tuff  covering  the  leaves  shows  clearly,  from 
the  arriuigement  of  its  materials,  that  they  cannot  have  undergone 
the  silting  process  inseparable  from  subsidence  through  water.  The 
light  pumiceous  particles  and  the  heavy  flinty  white  lajiilli,  are  dis- 
seminated indiscriminately  without  any  reference  to  the  order  of 
granty,  although  the  foniier  are  comjiosed  of  a  substiuice  which  will 
freijueutly  float  in  water,  whilst  the  latter  are  particularly  dense  and 
heavy. 

All  these  circumstances  taken  together,  as  also  the  absence  of  any 
freshwater  shells,  or  other  organisms,  indicative  of  a  permanent  lacus- 
trine condition,  seem  to  tne  to  afford  the  strongest  evidence,  that  the 
situation  in  wliich  these  leaves  were  overflowed  by  volcniiie  uuid  and 
ashes,  was  one,  which  may  rather  be  described  as  a  marshy  terrestrial 
surface,  than  the  bottom  of  a  lake,  properly  so  called.  If  this  con- 
clusion be  correct,  it  follows  that  the  materials  which  overlie  the 
leaves  were  euntted  by  a  volcano  in  subai-rial  action.  The  condition 
of  this  matter  at  the  time  of  its  eruption  seems  jiretty  clearly  indi- 
cated by  its  condition  now.  First,  the  damp  and  bedded  leaves  have 
had  poured  upon  them  a  stream  of  lifjtiid  nnul,  insinuating  itself  be- 
tween their  planes,  lifting  and  holding  ihuse  most  easily  detached  from 
the  surface,  and  leaving  in  its  original  state  of  rest  the  lower  portion 
of  tlie  bed.  To  this  matter, — which  although  now  appearing  in  its 
upper  portion  as  a  hard  blue  stone,  bears  in  the  perfect  state  of  its 
vegetable  impressions  indisputable  evidence  of  its  once  Ii<piid  condi- 
tion,— has  succeeded  an  overflow  or  a  shower  of  matter  of  very  tlif- 
fereut  composition.  In  respect  to  the  latter,  it  is  more  difticidt  to 
conclude  with  certainty  what  was  the  original  condition.  It  seems  to 
have  followed  the  nnid  after  a  very  short  interval  of  time,  although 
long  enough  to  have  allowed  a  |iartial  consolidation.  That  stray  twigs 
and  leaf-stalks  were  still  sticking  out  of  the  surface  of  the  nuid,  is 
sufficiently  proved  by  their  traces,  generally  much  carbonized,  in  the 
lower  jiart  of  the  tuff.  The  hue  of  junction  between  the  bottom  of 
the  tuff  and  the  top  of  the  leaf-bed  is,  in  a  general  view,  sharj)  and 
definite  enough  ;  whilst  a  closer  inspection  shows  just  enough  subsi- 
dence of  the  particles  of  ashes  into  the  substance  of  the  stone  below, 
to  indicate  the  degree  of  consolidation  to  which  the  latter  had  attained. 
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Those  Bpi>earances,  however,  are  hardlv  sufficient  lo  detennine 
whether  the  tuff  was  erupted  in  the  form  of  a  muddy  flood,  or  in  that 
of  a  volcanic  shower.  A  fall  of  any  height  througti  air  would,  to  m 
certain  extent,  hare  the  same  effect  aa  gubsideiice  through  watrr,  in 
producing  an  arrangement  of  particles,  determined  by  their  tpcciiic 
grantv.  Subsequent  heavy  falls  of  rain,  however,  such  u  hare  ifv- 
quently  )>een  known  to  accompany  similar  eruptions  in  tbe  piMCBt 
epoch,  by  washing  down  the  finer  particles,  might  consineraUy 
modify  the  original  conditions.  It  must  be  remembered,  however, 
that  in  the  disposition  of  matter  erupte<l  by  a  volcano,  much  must 
de{H>nd  on  the  degree  of  proximity  to  the  seat  of  action.  The  ueArrr 
that  point  is,  the  more  completely  will  the  laws  of  gravity  be  liable 
to  be  counteracted  by  more  violent  temporary  forces.  Now,  I  tliink 
there  is  some  evidence,  that  the  seat  of  action  was  at  no  great  distanrw 
from  the  »pot  described.  The  tuff-l>ed  is  traceable  for  some  ilintaiw 
along  the  coast  ;  atid  at  one  |)oint,  the  fartlu-st  at  which  I  have  ex- 
amined it,  the  compo.sition  is  fine-grained  atul  homogeneous,  indicating 
tliat  at  tlic  spot  referred  to,  the  eruption  had  undergone  a  chan^ 
idmilar  to  that  which  distinguished  the  tine  white  ashes  which  coTerra 
the  country  at  Miseuum,  from  the  coarser  and  mixed  materials  which 
overwliehned  Pompeii.  I  have  alreaily  described  also  the  remarkable 
change  which  takes  place  in  the  composition  of  the  bed  within  a  few 
feet  of  space  at  the  Ardtun  ravine.  So  rapid  a  transiliou  in  ctiarao- 
ter,  from  a  conglomerate  of  iN>arse  and  heavy  materials  to  one  of  much 
finer  com]>o!iition,  seems  to  indicate  a  corresponding  rapid  change  in 
the  intensity  of  the  forces  to  which  the  bed  owes  ita  origin.  The 
condition  of  the  flint*  tends  to  prove  the  agency  of  heat ;  whilst  it 
eqimlly  proves  that  the  degree  of  intensity  to  which  tl»cy  were  ex- 
posed was  very  variable.  Some  of  thenj  have  the  np|iearance  of 
having  be«-n  much  burnt,  although  I  ol>ser«ed  none  in  a  state  of  vitri- 
fication ;  whilst  others  are  so  little  altered  as  to  preserve  in  gnod 
form  minute  organic  remains.  From  these  circumstances,  although 
on  this  point  sufficient  data  are  still  wanting,  I  shoidd  l>e  incUurd  lo 
«mclude  that  the  flints  had  not  been  thrown  out  in  a  ficrv  shower, 
but  rather  having  htt-u  subieete<l  to  considernble  beat,  i.  y 

the  earthy  matter  with  which  thev  wen-asMK'iattHl,  wcrep"'  ;  ii 

with  it  in  a  mud-stn-ain.  But,  wliatever  may  have  been  the  paitico> 
lar  priK-ess  by  which  the  tuff-lK-ds,  and  this  one  especially,  may  have 
been  formed,  it  is  certain  that  it  must  have  been  repeated  after  a  con- 
aiderahle  uitcrval  of  time,  and  that  the  volcanic  eruption  was  not  of 
■uch  violence  as  to  change  materially  the  conditions  of  the  furfac*. 
The  hollow  in  which  the  marsh  had  originally  been  fomncd,  and  in 
which  the  fin«t  or  lowest  leaf-bed  had  arcuiimfated,  continued  to  be  a 
hollow  after  the  mud  and  ashes  had  overflowed  it.  Water  again  ac- 
cumulat«-d,  and  aniuninal  leaves  were  again  cast  upon  its  surface  in 
Muater  numlH-n<  and  variety  than  before.  An  eruption  similar  to 
Out  flnt  for  a  second  time  covered  its  deposits  ;  still  its  condition  re- 
mained sufficiently  imchanged  to  admit  a  repetition  of  the  >uime  pro> 
Mas,  and  oiwe  more  it  continued  to  receive  tne  anniul  shrtidings  of  a 
forest  rrgrtation.     But  the  third  eruption  must  have  been  one  of  a 
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very  different  kind ;  sheets  of  Inva  ol"  great  solidity  aud  thickness 
were  now  poured  fortli  ujion  the  ground,  aud  it'  surfaces  completely 
Titrified,  such  as  well-marked  obsidian,  be  any  indication  of  subncrial 
exposure,  such  mu^t  have  been  the  condition  of  this  lava.  The  coufi- 
garation  of  the  country-  uo  longer  remained  the  same,  and  so  complete 
was  the  change  effected  by  this  aud  subsequent  conviiUious,  that  the 
spot  which  had  so  long  been  the  receptacle  of  calm  stagnant  waters 
under  tin-  lee  of  some  great  forest,  became  as  we  now  see  it,  cut  into 
the  sea-cliff  of  a  naked  headland,  so  peculiarly  exposed  to  the  surf  of 
a  iitomiT  ocean,  as  well  to  deserve  the  description  of  ita  Gaelic  name, 
"the  Point  of  Waves." 

It  is  true,  that  no  evidence  remains  in  the  fonn  of  vinible  craters 
to  mark  the  site  of  volcanos  to  which  the  traps  of  the  Hebrides  may 
owe  tlicir  origin,  and  to  prove  their  subaerial  character.  Such  indeed 
may  uot  liave  been  the  character  of  all  of  them  during  the  immense 
period*  of  time  in  which  their  activities  were  exerted.  But  in  the 
particidar  case  of  the  beds  here  described,  with  other  evidences  so 
strongly  marked,  I  caimot  feel  Uiat  the  absence  of  this  particular  ])roof 
stands  much  in  the  way.  Of  nothing,  perhaps,  does  the  whole 
geology  of  the  Hebrides  present  more  conclusive  demonstration  than 
of  the  enormous  changes  in  the  relative  {tosition  of  sea  and  laud, 
which  ha>e  been  effected  since  the  latest  ])eriod  of  volcanic  activity  of 
which  any  endenct-  reniauis  to  us.  The  position  of  the  leaf-beds  in 
the  cliffs  of  Ardtun  is  one  example.  A  great  portion  of  the  later 
tertiary  period,  as  well  as  the  whole  of  that  period  of  submergence 
to  which  the  Drift  is  referable,  lie  between  existing  times  and  that  to 
which  the  .sealing  up  of  these  beds  may  be  referred.  The  Hoss  of  Mull, 
like  all  the  rest  of  Scotland,  presents  banks  of  sea-worn  gravel  far 
above  the  level  of  the  highest  Ardtun  biLsalt,  aiid  its  rocks  and 
boulders  are  deeply  marked  by  those  remarkable  abrasions,  which, 
whatever  be  the  jiarticular  material  which  caused  them,  are  apparently 
due  to  the  action  of  something  imi)elled  by  powerful  currents.  There 
is  some  eridence,  that  the  sheet  of  busult  which  caps  the  Ardtun  beds 
was  by  no  means  the  last  or  highest  which  once  occuj)ied  the  same 
area.  From  out  of  the  mosses,  now  covering  its  surface,  tablets 
of  similar  material  arc  seen  elevated  here  and  there,  with  broken 
joints  strewii  about  at  the  foot  of  their  little  escaq>ments.  They 
have  all  the  appearance  of  having  fonned  part  of  a  sheet  wliich  over- 
lay the  other,  and  of  which  these  isolated  portions  are  the  only  rem- 
nants (see  Fig,  '2,  p.  92).  Unless  therefore  the  original  craters  of  erup- 
tion had  been  above  the  highest  level  accessible  to  such  changes,  it  is 
not  surjjrising  that  no  vestige  should  remain  of  cones  of  scoriae,  or  other 
accunuilations  of  loose  materials.  Nor,  when  they  had  been  once 
given  up  to  the  sea,  couhl  we  reasonably  expect  much  evidence  of  tliis 
former  existencx^  The  ocean  cannot  often  be  successfully  called  to 
account  for  such  acquisitions  ;  it  is,  however,  a  curious  fact,  that  on 
the  shore  of  the  island  of  Tyree,  opposite  the  ba.salts  of  Mull,  at  no 
crett  distance  above  the  reach  of  the  present  tides,  balls  of  pumice 
have  been  found  in  considerable  abmidonce.  These  arc  of  course  sea- 
borne, and,  although  there  is  no  proof  of  their  having  been  Hebridean 
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protlucts,  it  may  be  at  least  safely  asserted  that  this  is  as  probable  lo 
origin  as  any  other. 

We  may  safely  conclude  that  the  s|>ot  where  the  leaves  are  noir 
found,  could  not  have  been  nt  any  very  prent  distance  from  at  leMt 
the  border  of  tiie  forest  which  yielded  them.  Hut  it  is  probable  that 
the  country  on  which  it  stood  ha^  founderetl  among  the  subsecjuent 
convuhiions,  which  seem  to  have  broken  and  dii«jt)ineil  so  ninuy  tnietii, 
once  pontiuuou!!.  We  may  possibly  even  have  a  iloubtful  guess  of 
llie  direction  in  which  that  country  lay.  The  headland  of  .\rdtun 
does  not  seem  to  bear  any  close  relaliou  to  the  rest  of  the  ln|is.  in 
the  same  (southern)  district  of  .Mull.  .\t  a  very  !*hort  distance  to 
the  cast  upon  the  soutluTu  shore,  the  terraces  of  trap  are  aMociatei), 
80  far  as  vet  examiuid,  with  no  other  formations  than  thoM-  of  the 
oolil«  an<i  lias.  From  Macculioch's  description,  they  both  iindrrlie 
and  overUe  various  memlK-rs  of  those  formations,  in  a  manner  very 
similar  to  that  in  which  the  traps  of  Skye  and  many  of  the  smaller 
islands  are  found  associated  with  the  same  series  of  rocks.  'I'he  reernt 
obier\°ations  of  Prof  K.  Forbes  show,  that  in  the  case  of  Skye,  thi» 
aasodatiott  takes  j)laee  in  a  manner  which  indicates  with  singular  pre- 
cision the ageof  some  at  leastofthe  basaltic  sheets(see  page  lOM).  Idn 
not  believe  that  the  higher  basalts  of  the  great  precipices  of  the  south 
coast  of  Mull  ever  have  )>een,  or  perhaps  ever  can  t>e,  examiueil  with 
rcry  great  minuteness.  But  no  evidence  certainly  exists  that  auv  of 
them  are  of  later  dale  than  the  secondary  perio«l;  whilst  the  gn-at  differ- 
eiiee  of  elevation  renders  it  improbable  that  auv  of  them  uau  belong 
to  the  same  epiM-h  with  the  .\rdtun  beds.  I  think  the  only  iudica> 
tions  of  relatiuu  in  the  lattet  to  any  of  the  surrounding  formatioiu, 
[K)iut  in  the  northerly  direction.  No  one  who  has  followed  the  de- 
scription of  the  .'Vrdtun  Head,  and  is  acquainted  with  Staffa,  will  fail 
to  recognise  a  rentarkably  corres|>oudiug  feature.  The  lowest  two 
menilM-rs  of  the  .Vrdtun  series — the  massive  amorphous  basalt,  pass- 
ing into  and  resting  upon  the  columnar, — otTcr  a  precise  reprcstnta- 
tion  on  a  smidler  scale  of  that  wonderful  front  which  lies  opposite  al 
some  live  or  six  miles'  di>tnnce.  It  is  to  Ik-  obs<Tvi><l  too,  tliat  the 
greater  elevation  to  which  these  two  formations  rise  in  Staffa,  conv- 
sp<mils  with  the  line  of  dip  (rising  to  the  north)  of  the  same  b««ls  of 
Ardtun.  The  whole  grouji  of  the  Treshnish  Islands,  "  which  guard 
famed  Staffa  niund,"  would  seem  from  their  low  tabular  app<<«ruicv 
to  lielong  to  the  same  pnilougrd  sheets  of  trap,  and  may  reprrsmt 
the  skeleton  of  that  eountrv  now  destroye<l,  from  whose  forests  the 
Ardtun  leaves  were  shed.  I  think  it  not  improbable  that  by  futurr 
rvsearches  among  the  conglonu-rates  and  other  stratitii-d  matters  as- 
sociated with  the  traps  in  Mull  aiid  the  neighbouring  islands,  (Hirtiuiu 
of  the  more  substantial  [larts  of  those  forests  will  yet  be  found.  It 
appears  from  Dr.  Macculioch's  account  of  the  traps  of  the  middle 
district  of  the  island  of  Mull,  that  he  did  actually  find  the  earbotiiied 
st^-in  of  a  tree*,  whose  stnictuiv  provcil  it  to  be  coniferous.  1IL» 
notice  of  the  "  vein  "  in  which  it  ixrurred  Ls  an  acctiratc  dracriptioii 
of  Uie  tuffwliicb  covers  the  leave*  at  .Vriltnii;  hut  he  expmslv  Mjra 
•  tsr.  n/.  toi.  i.  1>.  iwt.  *nil  ^oL  tti  pi.  21.  "^ 
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that  it  occupied  a  perpendicular  instead  of  a  horitontat  position  in 
the  cliff,  and  the  headland  of  Hourg  seems  to  be  indicated,  although 
not  very  clearly,  as  the  locality.  Mr.  M'Quarrie,  of  Bunessen,  to 
whose  intelligent  interest  I  owe  many  of  the  best  specimens  obtained 
from  tlie  leaf-beds,  rejiorts  to  me  that  he  has  coasted  round  the 
headland  of  Bourg,  and  could  see  no  such  vein  of  tuff  as  that  de- 
scribed by  Dr.  MaccuUoch. 

There  is  one  verj'  remarkable  circumstance  which  may  serve,  if  not 
to  confirm,  at  least  to  strengthen  the  conjecture  which  would  comiect 
the  lower  basalts  of  Ardtun  with  those  of  Staffs.  '  So  far  as  I  am 
aware,  there  is  only  one  sheet  of  trap  in  the  British  Islands  which 
can  be  identified  in  point  of  geological  age  with  the  uppermost  basalt 
of  Ardtiui.  That  one  sheet  of  trap  is  on  the  coast  of  Antrim,  and  it 
bears  to  the  columnar  basalts  of  the  Giant's  Causeway  the  same  re- 
lation whicli  I  have  supposed  between  the  corresponding  Ardtun 
bed  and  the  basalts  of  Staffa.  I  am  indebted  to  the  kindness  of 
James  Nasmyth,  Esq.,  of  Manchester,  for  a  minute  description  and 
relative  sketches  of  the  order  of  the  strata  in  that  jmrt  of  the  coast 
of  .Antrim,  and  for  excellent  specimens  of  the  bed  of  charred  wood, 
which,  as  it  will  be  seen,  there  occupies  a  position  similar  to  that  of 
the  leaf-beds  of  Ardtun. 

1.  The  first  bed  (counting,  as  before,  downwards  from  the  sur- 
face) is  50  feet  of  basalt ;  the  uj)pcr  part  being  of  small,  the  lower 
of  larger  and  rude  columnar  form. 

'1.  A  bed  of  charcoal  and  lignite.  Some  specimens  show  the  fibrea 
of  the  wood  as  perfectly  as  if  taken  fresh  from  a  charcoal  kiln.  Tlie 
wood  is  dicotyledonous. 

3.  Immediately  under  the  bed  of  lignite  succeeds  a  great  mass 
of  amorphous  basalt,  precisely  as  in  the  case  of  the  Ardtun  leaf- 
beds. 

4.  ."Vgain  as  at  .\rdtun,  the  mass  of  amorphous  basalt  rests 
upon  a  bed  remarkable  for  the  very  perfect  regularity  of  its  co- 
lumnar form. 

5.  A  band  of  matter  highly  colojired  with  red  oxide  of  iron  suc- 
ceeds, maiutuuing  its  position  witli  great  regularity  along  a  great 
part  of  the  coast. 

6.  Another  bed  of  amor^vhous  basnlt. 

7.  Another  of  rude  columnar  basalt,  of  a  starch-like  wary  form. 

8.  A  thin  band  of  red  oxide  of  iron. 

9.  A  very  black  amorphous  basalt. 

10.  Chalk,  on  which,  dipping  into  the  sea,  the  whole  series  of  the 
basaltic  beds  rest. 

From  the  top  of  the  cliff  to  the  chalk,  these  beds  are  no  less  than 
460  feet  in  height. 

The  amorphous  and  columnar  basalts  on  which  the  Midi  leaf-beds 
rest  may  po.isibly  not  belong  to  the  same  epoch  with  the  closely 
similar  .\ntrim  beds ;  because  we  have  no  positive  proof  that,  Uke 
tlie  latter,  they  either  rest  upon,  or  have  burst  through  chalk.  The 
flints  of  that  formation  which  are  found  above  them  may  be  the  de- 
bris of  chalk,  originally  deposited  in  the  same  position  and  subse- 
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iiuently  washed  awav ;  or  tbcy  may  have  bet'n  roIW  hy  canmU 
from  a  distance  and  thrown  by  volcjuiic  ajcency  on  tlie  top  of 
belonging  to  a  Cornier  e]>och.  But  I  think  the  moAt  probable 
iectnre  is  that,  if  these  basalts  do  not  even  now  rest  upon  clialk,  thejr 
nave  burst  through  it,  and  belong  to  the  same  periiHt  aa  the  eom> 
iponding  beds  of  the  Antrim  eoast.  At  all  events  it  is  clear  thai  (he 
tertiary  volcanos  which  at  Anltun  give  such  clear  evidence  of  iiit«r> 
niittent  action,  luive  been  in  a  state  of  still  uior«  tRBUndooa  aedvity 
ou  the  neighlxmring  coast ;  and  were  powerful  enou|;h  to  prodoe* 
repeated  sh(H>ts  of  bnsalt  of  a  thickness  (greater  than,  and  of  a  foia 
very  similar  to,  those  ou  which  the  leaf-beds  rest. 

it  will  be  very  sinf^lar  if  the  comparatively  thin  sheet  of  haialt 
which  overlies  those  beds  is  (he  only  one  in  the  Hebrides  which  can 
bo  proved  to  belong  to  the  same  period.  It  would  in  this  case  occupy 
a  position  of  very  remarkable  isolation ;  the  ncamt  baaalt«  of  tM 
•ame  period  being  at  a  distance  of  not  less  than  75  miles,  with  int4T- 
rening  islands,  which  do  not  exhibit  any  development  of  tlie  trap 
formation.  It  is  however  but  a  new  proof  in  support  of  a  geological 
conclusion  of  much  interest,  viz.  that  the  basalts  of  the  Hrbridei^  aa 
we  now  sec  them,  are  (he  accumulated  results  of  phitonie  and  vol- 
canic action  going  on  from  time  to  time  durine  an  uideluiite  serie«  of 
ages, — ^snd  frequently  not  oidy  at  immensely  distant  points  of  line, 
but  also  within  very  limited  areas. 

Dr.  Mncculloch  intimates,  (hn(  he  could  obsi-rve  very  little  corre- 
«])ondence  between  the  be<ls  of  trap,  even  in  i.tlands  verii*  near  each 
other,  although  a  large  inimber  ol  them  o\cr  all  the  islands  from 
Skve  to  Mull,  s«'eni  to  Ik-  referable  to  perio<ls  included  in  the  CKilitic 
and  (he  lin.>>!>ic  ep<H-hs.  Not  unfrei|uently  it  haa  be«u  observed  by 
the  sanu-  writer,  that  manv  succesnive  beds  of  trap  rest  upon,  and 
include  eongloinerate»  cun^uiting  chiefly  of  water-worn  remain*  of  the 
same  mat^-rial ;  thus  indicating  that  some  of  the  intervals  had  be«n 
long  enough  to  witneu  Tast  pliysiral  changes — the  snbmergeDce,  de> 
fltructiou,  and  reaggrvgation  under  water  of  still  older  rocks  of  Ihc 
aanie  fnnnation. 

1  ha\e  verj-  lately  had  occasion  to  observe  on  the  const  of  Kiotyn 
columnar  ba&alt,  which  seems  to  have  risen  through  the  old  rv<i  aand- 
stonc  wliilst  the  lat(er  was  yet  in  the  state  of  sand,  each  colninn 
bring  separated  from  (he  next  on  all  its  facets  by  cakes  of  sandstoor, 
now  highly  crystalliied  and  very  brittle  ;  but  which,  when  in  a  (tat« 
to  follow  such  lahvrinthiun  lines,  must  have  been  soli  and  plastic. 

Before  eonrludmg  this  paper,  I  may  mention  that  mv  attention 
ha*  l>een  drawn  by  I'nif.  Nicol  tti  a  jKJst-lertiarj-  leaf-b*-*!  in  Kintyre, 
which  has  bren  liisctivered  in  cutting  an  outfall  drain  through  tli« 
flat  area  called  the  Ijiggaii.  In  resi)ect  to  the  manner  of  depont. 
this  bed  presents  a  remarkable  identity  of  character  witli  the  leal'- 
beds  uf  .Ardtun.  It  consixta  of  a  mass  of  leaves,  fuUv  expanded  and 
mixed  with  ver>-  litde  mineral  ina(ter,  associated  wit^  re«dy  plant* ; 
the  whole  still  preaervuig  the  otluun  of  damp  leaves,  and,  althouch 
wy  rot(en,  much  of  their  original  texture.  They  have  evidently 
ban  ooUeded  in  (he  same  manner — in  a  aballow  marah,  and  ar* 
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covered  by  a  bed  of  clay  fiill  of  vegetable  fibre,  which  forma  the 
surface  of  the  grouud.  The  leaves  however,  which  when  still  wet 
can  be  lifted  froni  each  other  quite  perfect,  belong  to  a  verj-  diflerent 
age  from  those  at  Ardtun  ;  being  apparently  all  of  such  plants  as  now 
grow  in  marshy  situations  in  the  West  Ilighlands, — bog  myrtle, 
willows,  alders,  &c.  The  Ardtun  leaves  belong  to  species  and  even 
families  which  have  long  ceased  to  be  indigenous  in  that  country,  and 
indicate  the  occurrence  of  changes  since  the  period  of  their  growth, 
not  leas  great  in  cUmate  than  in  the  geographical  forms  of  liuid  and 
aea. 

Note  on  the  Fossil  Lkaves  repretented  in  Platks  II.  III.  and 
I  IV.     By  Prof.  E.  Forbes,  F.R.S.,  V.P.G.S.  &e. 

From  among  the  numerous  vegetable  remains  containeil  in  the  Ard- 
tun beds,  a  few  of  the  most  perfect  impressions  of  plants,  mostly  of 
leaves  only,  have  been  selected  for  illustration.  In  accordance  with 
custom,  upecific  names  are  assigned  to  these  provisionally,  for  the 
sake  of  distinguishing  between  the  kinds  tbund,  and  of  comparing 
tliem  with  fossils  of  a  similar  kind  found  elsewhere.  Without  much 
more  data  than  such  impressions,  however  perfect,  afTord,  anything 
like  a  specific  diagnosis,  satisfactory  to  a  botanist,  could  not  be  con- 
giructoi.  The  general  assemblage  of  leaves  when  judged  by  the 
present  stale  of  our  knowledge  of  the  vegetation  of  ancient  epoclis  is 
decidedly  tertiary,  and  most  probably  of  that  stage  of  tertiary  termed 
Miocene.  Their  climatal  a5])ect  is  more  mid-Euroj>ean  than  that  of 
our  eocene  flora.  There  is  a  striking  resemblance  between  many  of 
them  ajid  fossils  from  Styria  and  Croatia  ;  but  so  far  as  I  have  had  op- 
portunities of  comparing  either  with  specimens  or  good  figures,  the 
IMull  fossils  are  in  all  jirobability  distinct  frotn  any  recorded  species. 
I  canuol  identify  any  of  them  with  British  eocene  forms. 

Plate  II.  fig.  la,  16.  Taxiten'!  Camplellii.  Fragments  of  a  co- 
niferous tree,  jiossibly  a  Taxus ;  allied  to  the  Taxites  Roathorni  of 
Unger,  from  the  miocene  lignite  of  Carinthia. 

Platk  II.  fig.  2(1,  26.  Part  of  a  frond,  probably  that  of  a  fern, 
but  i)resenting  8<jme  anomalous  features  which  future  specimens  will 

'       probably  explain.     For  the  present  it  may  be  called  Filiciteil  kebri- 

H  dietu. 

B       Plate  III.  fig.  1.     An  inequilateral  leaf,  the  affinities  of  which 
are  doubtful. 

'^m  Fig.  2.  lihamnitet  ?  multinervatua. 

^B  Fig.  3.  JUinmniles  1  major. 

^^^^^Ha  Fig.  4.  RhamHiteslI  lanceolatua. 

^^^^^^B  Fig.  5.  Plutanites  hebridicua,  var.  ? 

^^^^^  Fig.  6fl,  64.  EqttUetum  Campbellii. 

f       Plate  IV.  fig.  1 .  Platanites  hebridicus.     This  leaf  is  one  of  the 
most  abundant  and  chaructcristic  of  all  those  fomid  at  Ardtun.     It 
has  a  close  affinity  with  the  Platanuit  hercide»  (Unger,  Chlor.  protog. 
p.  138.  t.  4C)  from  the  marly  slates  (said  to  he  eocene)  of  Croatia. 
Fig.  2.  Affinities  doubtful. 
Fig.  3.  Alnitesl  MaeQuarrii. 


2.   Oh  the  Estuary  Beds  ami  the  Oxford  Clay  at  Loch  SxArnrc, 
in  Skye.     By  Professor  Edward  Fokbeh,  F.R.S.,  V.F.U.S.  Ike. 

The  purpose  of  the  following  brief.iiotice  in  to  put  oa  recuttl  »odi« 
observations  made  in  the  island  of  Skye  in  AiifriLtt  I  vS jO,  by  which 
the  true  geological  horizon  of  the  »o-callc<l  "  WeaUli-n"  of  Loch 
StAifin  was  deterniinecU  and  the  Oxford  Clay  aJJed  to  the  sories  of 
oolitic  strata  in  the  llebridcs. 

Sir  Rmlerick  Miirchison,  in  his  "  Supplenientary  Itemarks  on  the 
Strata  of  the  Oolitic  Series  and  the  Rocks  aisoriatt-d  with  thrin  in 
the  Counties  of  Sutherland  and  Ross,  and  in  the  Hebridrs,"  rrtil 
before  the  Geological  Society  in  November  1827,  states  tl»nt  "in  tlw 
low  and  ruinous  cliff  of  blue  shale,  associated  with  zeolitic  and  aniyi- 
daloidal  traj>  on  the  north-eastern  shores  of  Loch  Statfin,  were  founa. 


during  niv  late  excursion  with  Professor  Setlgwick,  tlatlened 
of  shelly  hinestone  conttiining  five  species  of  Cifctat,  one  I'aludina,  ooe 
Nerilina,  one  Ott/rea,  one  Mi/tilus,  and  some  inidescribed  bivalTes," 
and  remarks  that  "  it  adds  materially  to  the  interest  of  these  remaiiia, 
that  two  species  of  the  Cyrlax,  tlie  Paluitina,  and  the  (htrea  prove  U> 
be  identical  with  the  fossils  of  one  of  the  upper  beiU  of  tl»e  W««ki 
clay  described  by  Dr.  Fitton  as  occurring  in  Swanage  Bay.  Dorwt- 
shire,  and  in  the  Isle  of  Wight."  Of  these  fossils  a  Ust  is  apjirmM 
to  the  paper,  ilrawn  up  by  Mr.  Sowerby  ;  ami  besides  the  rvfereneM 
to  Weald  Clay  s|>ecies,  one  Cyclti*  is  considered  identical  with  a  Bartoa 
Cliff  shell,  and  the  Srrita  is  compared  with  a  M'oolwich  specif*. 

When  the  Duke  of  Argyll  annoimced  his  imj>ortant  discovery  of 
tertiarv'  strata,  j>r<>bably  of  freshwater  origin,  associated  with  tfBps  ia 
tlie  island  of  &lull,  it  occurred  to  me  that  possibly  the  Ixx-h  Stt&a 
b«*ds  might  nro\e  to  be  tertiaries  also  ;  the  more  hkely  sine*  1008 
of  their  fossils  had  been  referred  to  tertinrv'  s|iecies.  At  the  wme 
time  I  felt  very  anxious  to  ascertain  whether  on  the  other  hand  thejr 
might  really  be  M'ealdeu  strata,  or  wluit  was  more  |ir«)bBl)le,  a>  .Mr. 
IU)bert.son  liad  suggested  iu  his  interesting  pa|>er  on  Brora,  rquiv». 
lents  of  the  estiuiry  strata  associateil  with  the  Bmra  Militic  ro«l. 
My  recent  r  '  '    -  tiuiong  the  PurU-cks  hud  le<l  nie  to  distrust  all 

the  older  d>  •>w»  and  eotupurisons  of  freshwater  fossils,  aiii}  I 

felt  that  it  wus  •>!  ^icat  consemience  to  the  special  Mork  iu  which  I 
was  otiicially  engaged  iu  my  (luties  as  a  member  of  the  Geokwical 
Survey,  that  U-fore  publishing  the  full  account  of  the  paln^ouloluffT 
of  the  Pnrbci-ks  now  in  course  of  pre|)aration,  I  should  examiur  tm 
LrM-h  StAfhn  fossils,  and,  if  poinblc,  pcnouallv  inspect  their  loralitr. 
This  I  felt  til  be  the  more  necMMry,  aince  i  had  btrn  told  by  Sir 
Roderi<-k  Miirchi>u>n  that  the  fossils  in  question  were  taken  from 
loose  blocks  of  stone,  the  exact  position  of  which  tw  *itu  had  not 
IttH-n  seen. 

Many  of  the  IlebrideBn  localities  are  so  out  of  the  way  of  traTcUiii(t 
that  it  is  by  no  means  ea<y  to  visit  them.  Loch  Statfin  and  Loch 
Laigh  (the  latter  in  the  neighbourhoo*!  of  the  Duke  of  ArKyH'a  \tti- 
beds)  were  of  this  kind.  But  all  ilifBcully  was  rrmovcd  by  a  m^ 
potal  from  my  cxoelleut  friend  .Mr.  Mnc.\itdrcw  to  accompMiy  mm 
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on  a  cruisf  in  his  yacht  to  Mull  and  Skye,  and  so  examine  at  our 
leisure  the  desired  places.  Accoin|)iinie(J  hy  Professor  Goodsir  of 
Edinburgh,  accordingly  we  set  sail,  and  in  the  course  of  three  weeks' 
cruise  had  not  only  the  good  fortune  to  see  the  geological  points  in 
question,  but  also  to  add  not  a  few  fossils  and  nearly  twenty  species 
of  living  animals  to  the  British  fauna. 

The  peninsida  of  Trottcruish,  which  fornis  the  north-western  por- 
tion of  the  isknd  of  Skye,  presents  on  its  northern  line  of  sea-coast 
a  range  of  magnificent  cliffs,  extending  from  Portree  to  Locli  Staflin. 
The  crest  of  these  cliffs  is  composed  of  a  vast  bed  of  imjierfectly 
columnar  trap,  resting  on  oolitic  sandstones,  limestones,  and  almles, 
the  uppermost  of  which  were  determined  by  Sir  Roderick  .Mnrchison 
to  be  the  ecpiivaleuts  of  the  cornbrash  and  forest  marlile.  Beneath  tlicse 
we  find  unquestionable  representatives  of  the  middle  and  inferior 
<X)litic  strata,  and  at  the  base  of  nil  undoubted  lias.  They  abound 
in  fossils,  and,  whenever  the  palreontrilogy  of  the  secondary  rocks  of 
Scotland  shall  be  scientifically  explori-fl,  will  afford  a  rich  harvest 
"  lieautiful  and  probably  undescribed  fonns  of  invertcbrata  to  the 
i&turalist  who  may  have  the  good  fortune  to  undertake  the  work. 

Througli  the  oolitic  strata  are  seen  rising  dykes  of  greenstone  in 
communication  with  the  s[>rend  of  traji  above,  and  other  trap  dykes 
are  seen  which  not  only  burst  through  the  greenstone,  but  also 
through  the  sheet  of  trap  forming  the  perpendicular  wall  on  the 
summit  of  the  cliffs. 


Diagram  of  the  Geological  Structure  of  Trottemith  in  Skye, 


b.  Inferior  ooliu. 
e.  Micidlc  04>t)t«. 
d.  Imperfectly  columnkr  haMilt. 


r.  E«tuiiry  shklei. 

/.  Oxfnrtl  cUy. 

g.  Amygdaloidal  Crtp. 


Tlie  strata  of  the  cliffs  di]i  rapidly  inland  southwards  at  a  cnnsi- 
derable  angle,  and  a  little  way  behind  them  towards  the  east.     Far- 
ther back  towards  the  west  rise  lofty  hills  of  amywdaloidal  and  zeo- 
litic  trap,  which,  broken  up  into  fragments  on  these  escarpments, 
fonn  magnificent  isolated  blocks  and  pinnacles  of  rock  of  vast  height 
ad  slendemess,  resembling  so  many  gigantic  castles  and  towering 
pires  of  dimensions  beyonil  the  workmaushiji  of  human  architertnre. 
rhe  truly  wonderful  scenery  of  the  Stnrr  and  Qniraing,  which  far 
«urjjasses  for  irregularity  any  other  rock  landscapes  in  Britain,  have 
H.>n  produced  bv  the  breaking  up  of  this  ainygilnloidal  escarpment. 
The  cause  of  this  extraorilinnry  range,  extending  over  many  miles, 
of  Cyclopean  ruins,  depends  npun  the  fact  wliieb  it  is  my  object  to 
uinounce  in  this  communication.    Between  the  mass  of  amygdaloidal 
I       trap  and  the  columnar  tnip  which  crests  the  sea-cliffs  and  dips  iu- 
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wards  with  the  underlying  oolitic  strata,  intervene  beds  of  soft  shale 
and  crumbly  limestone,  the  wearing  away  of  wluch  causes  the  breaking 
up  of  the  superincumbent  mass,  the  retrocession  of  the  main  body  of 
trap,  and  the  isolation  of  the  blocks  and  pinnacles,  which  probaUy 
become  more  numerous  aAcr  every  winter. 

The  open  bay  called  Loch  Stafliu  lies  at  the  westprnmost  extremitT 
of  Trotteniish.  Its  northern  headland  is  composed  of  the  ooUtic 
beds  and  superincumbent  columnar  trap  dipping  southwards,  and  its 
■ODthem  by  the  same  traps  risiu^  »pun  to  commence  •  new  line  of 
coast,  forming  the  southern  bound  of  the  peninsuk.  The  bay  itwif 
has  been  fonned  in  conseipience  of  the  wearing  away  by  the  wtTM  of 
the  shales  above  the  columnar  trap,  thus  brought  into  contact  widi 
the  force  of  the  sea ;  and  as  the  westernmost  extremity  of  the  rmiM 
of  aroygilaloidal  hills  corresponds  nearly  to  thei-entrc  of  the  bar,  the 
ruin  of  the  superincumbent  trap  is  here  very  great  indeed.  It  wm 
on  the  shores  of  this  bay  that  Sir  Roderick  Murchison  and  l^rufraaor 
Sedgwick  found  the  blocks  of  freshwater  or  estuary  hmestone  leftirwl 
by  them  conditionally  to  the  Wealden. 

On  lauding,  1  foimd  similar  blocks  with  similar  fosaib,  but  raoU 
not  see  them  in  titu  iu  the  section  along  the  coaiit.  I  found,  how- 
ever, \er\  soon  that  the  black  shales  includeil  in  and  underlyiiifc  the  _ 
amygdaluidal  trap  were  fossiliferous,  and  liefore  long  had  the  pieasufe  I 
to  find  numerous  specimens  of  Jmmonilf*  cordatut  and  JielewmitM 
(hcrnii  and  Beaitmoiitianut,  indicating  the  age  of  these  ahalea  be- 
yond a  question  to  be  that  of  the  Oxford  clay,  to  which  itrataB 
indeed  mmeralogically  they  have  the  most  marked  resemblance. 

When  the  tide  receded,  the  beds  of  shale  were  exjHwed  in  nvnlv 
seijueuce  along  the  shore,  niul  hrnrath  them  in  confoniiable  mcocaiiaa 
I  iuund  in  situ  the  strata  of  yellowish  crimiblv  hmeslnrie  and  shalt 
with  e.ituary  fossils  from  whence  the  blocks  n-ferred  to  had  ban 
derived. 

The  series  of  beds  seen  iu  the  section  in  deacendlng  order  b  aa 
foUowB : — 

1.  Immediately  below  the  amygdaloidal  trap,  wliich  ii  crumbly 
and  wackaceous  at  the  junction,  there  is  a  thin  band  of  small  rolkd 
pebbles  mingled  with  fragments  of  jet. 

2.  Crumbling  blue  slialea  with    Belemnitrt  (Hotmi, 
eordatut,  and  Jt.  Eyyrnii,  about  5  feet  in  tluckneas. 

3.  A  thin  band  of  concrrlionarv  limestone. 

4.  Five  fret  of  blur  shale  with  Ammonites  and  large  BdcaHi 
nites. 

5.  Two  bauds  of  hard  grey  concretionary  limestone,  wtadhefinf 
yellow,  iu  which  I  could  tiiul  no  fiissils,  3  feet. 

C.   Dark  blue  ahalea  with  small  Hrlemnitrs,  7  feet. 

7.  Concretionary  reddish    aud   yelluwisli   hmestune   with 
Belemuitcs,  I  foot. 

8.  Blue  shale*.  I  foot.  

9.  Femigiuoua  sands  with  firagmenta  of  wood,  prritiied  and  in  tbr 
ataie  of  jet,  1  foot. 

10.  l^onrretioiurv  limestone  with  Belemnites,  1  foot. 
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1 1 .  Soft  white  Bauds  with  traces  of  bivalve  shells,  apparently  Cy- 
rena,  3  feet. 

12.  Hard  sandstones  with  Perua  and  numerous  Otlrete  and  Cy- 
rena,  2  feet. 

13.  Greyish  sands  with  carbonaceous  streaks  and  lenticular  courses 
of  comminuted  sheUs  ;  concretions  in  places  ;  5  feet. 

[  14.  Hard  calcareous  shales  with  hands  of  Cyrnicr  and  fossil  wood, 
3  feet. 

15.  About  fourteen  bands  of  loose  calcareous  slaty  and  shaly  beds 
filled  with  Cyreiue,  occasional  Uniones,  and  Ontrea: :  these  appear  to 
constitute  a  thickness  of  about  1 2  feet,  but  the  base  of  them  resting 
on  the  basalt  is  concealed  under  water. 

The  dykes  of  trap  in  communication  with  the  superincumbent 
amygdaloid  bake  the  strata  through  which  they  pass  and  alter  the 
mineral  ciiaracter  of  the  fossils. 

The  position  of  these  estuary  beds,  beneath  the  Oxford  clay  and 
above  the  mass  of  the  middle  oolites,  at  once  removes  them  from 
identification  with  Wealden  or  tertiary  strata  of  the  South  of  England, 
and  as  readily  suggests  a  comparison  of  them  with  the  so-called 
"  Wealden  beds,"  discovered  by  Mr.  Alexander  Robertson,  interca- 
lated with  the  carboniferous  portion  of  the  oolitic  strata  of  Brora  in 
Sutheriandshire,  and  described  by  that  gentleman  in  two  most  inter- 
esting papers  communicated  to  the  Geological  Society  in  1843  and 
f  846.  The  main  seam  of  Brora  coal  lies  immediately  beneath  a 
stratum  containing  Kelloways  Rock  fossils,  and  regarded  by  Sir 
Roderick  Murcliison  as  the  representative  of  the  pier  stone  of  Scar- 
Iwrough.  Below  the  coal  beds  are  bituminous  shales,  clays,  and  a  thin 
layer  of  whitish  argillaceous  limestone,  containing  numerous  remains 
of  Fish,  and  of  shells  of  the  genera  Cyclns  or  Cyrena,  Unio,  Penia, 
Tellina,  and  Paludiiia.  These  shales  are  superior  to  the  oolitic  and 
liassic  strata. 

Mr.  I{ol)ertson  enumerates  the  many  fossils  found  by  him,  but 
oes  not  describe  or  figxwc  the  new  species.  Of  the  freshwater  or 
tuary  invertebrata  found  by  him  in  the  Brora  strata,  only  two  are 
mentioned  as  identical  with  known  8]>ecies,  viz.  Cyclas  angulata, 
identified  with  a  Wealden  shell,  and  Cijprit  granuloma,  considered 
the  same  as  a  Wealden  crustacean.  Mr.  Robertson  presented  the 
best  s]>ecimens  of  all  his  species  to  the  Geological  Society,  where  I 
'  ave  had  an  opportimity  of  inspecting  them,  and  can  speak  to  their 
istinctness  from  known  forms,  or  from  anv  of  the  many  Purbeck 
issils  known  to  me  and  not  published,  ioth  the  identifications 
above  mentioned  1  consider  to  be  iusiitficient.  The  Cijcliis,  called 
emffulata,  from  Brora  is  not  to  me  identical  with  Sowerby's  shell, 
and  the  Cuprin  referred  to  granulosa  is  altogether  distinct. 

Through  the  kindness  of  Sir  Roderick  Murchison,  1  have  had  an 
opportunity  of  comparing  hi.s  original  Loch  Staffin  fossils  with  those 
collected  by  myself.  He  jirocured  two  with  which  I  did  not  meet, 
and  I  found  some  additional  to  his.  None  of  the  identifications  in 
the  list  appended  to  his  paper  will  now  hold.  The  comparison  and 
determination  of  freshwater  bivalves  is  a  matter  of  great  delicacy  and 
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practice ;  the  distinctions  between  the  species  of  Cycladidm  and 
ViiioiiiJir  res|>(>ctively  being  of  sn  ilt-licate  a  cooncter  that  the  maiia*- 
tion  of  numerous  sjteciniens  of  each  Huecieit  is  neeeaury,  romtiinnl  with 
a  knowlfdpi-  of  tiie  recent  6|>ecie«  ot  tliese  excesaiTely  dirticult  trilir*. 
I  cannot  satisfy  myself  that  any  one  of  the  Loch  StaAin  shrlla  b  idm- 
tical  with  a  Purln'ok  or  Wealden  species.  This  in  the  present  giate 
of  our  knowk-dge  was  to  be  expected. 

A  more  curious  result  is  that,  after  a  close  comparison  of  both  Sir 
Roderick's  and  my  own  specimens  (now  contained  iu  the  cullectioa 
of  the  Museum  of  I*ractical  Geology),  I  cannot  satisfy  myaelf  that, 
writh  the  exception  of  the  I'aJui/ina  conulut  of  KobertMa,  which  is  a 
little  Ihjdrobia  identical  with  the  uniigured  Palmlina  mentioned  in 
Sir  Roderick  Aturehison's  Loch  Staflin  list,  there  is  any  one  of  the 
I./M-h  Staflin  estuary  shells  identical  with  a  Hrora  S|H-cics.  Tb*  itttlr 
Hi/(/roLia  above  mentioned,  however,  appears  tu  be  'Mfl'iftingMiilhaHr. 

The  succession  of  events  indicated  by  the  section  I  have  dearribMl 
is  of  no  small  interest,  when  considered  in  its  bearing  on  the  physical 
geography  of  our  area  during  the  oolitic  epochs.  From  the  lias  up 
to  tlic  eonibrash,  or  beds  probably  equivsJent  to  that  stage  in  the 
series  of  oolites,  we  have  in  the  Hebrides,  as  was  indicated  by  Mac- 
cull(M:h  and  proved  by  Murchison,  a  continuous  set|urncc  of  nariat 
conditions,  which,  if  )  might  venture  to  judge  from  the  as  jet  im- 
perfect evidence  of  the  cuntaine<l  fossils,  prevailed  in  a  tea  br  BS 
means  shallow.  But  at  the  termination  of  the  deiiuidtion  of  the 
miildle  oolitic  strata,  we  have  indications  of  most  important  changn, 
and  of  the  conversion  of  the  bed  of  the  Ilebridean  oolitic  sea  into  an 
estuariue  and  terrestrial  area,  which  aAer  a  considerable  lapar  of  tint 
became  submerged  under  oceanic  conditions  and  had  a  new  aeriea  ti 
marine  strata  depusite<l  upon  it. 

If  I  read  what  1  have  seen  aright,  the  plutonic  phtenomena  whidi 
Bccomiianied  these  changes  were  not  less  niteresting.  The  gT*at  and 
thick  sheet  of  imix-rfectly  columnar  basalt  which  has  so  wide  as 
extension  in  tlie  i^tland  of  Skye,  and  plays  so  ini]>ortant  a  part  in  tht 
formation  of  the  maguifir«*nt  s<'«-nery  of  its  coasts,  was  the  pmdnct  of 
a  submarine  eruption,  which,  if  we  regard  this  basalt  as  an  overflow, 
has  its  giHilogiral  date  marked  (o  a  nicety,  having  occurrr<l  at  the 
riose  of  tile  middle  and  at  the  commcnrement  of  tlie  up|ter  oohtic 
period.  This  vaat  cap  of  eotn|iact  volcanic  matter  MT>e<l  to  awist  iu 
tlie  consolidation  of  (he  muddy  and  sandy  marine  atvumulatiuiu  over 
which  it  spread,  and  the  Titanic  throes  of  this  region  of  entutioos 
elevated  the  wImIc  probably  above  the  level  of  the  ocean,  and  mo- 
verted  a  (lart  at  least  of  the  sea-bed  into  dry  laud,  the  area  of  which 
and  of  its  fresh  and  brackish  waters  became  again  submerged,  to  be 
again  overwhelmed  by  the  destructive  out]>ouriugs  of  submarine  to1> 
canoa ;  t)>eir  n-sults  we  now  see  in  the  great  and  thick  maaa  of 
trap  fonning  tlie  Une  of  hilU  constituting  Ute  chain  of  the  Storr. 
This  trap  has  featurt*  ilistniet  from  those  presented  by  the  bed  hfr 
tween  (he  noddle  and  upiNT  iiolitrs.  It  u  m  great  part  an  amyg- 
daloid, and  its  vencular  ciianu-ter  mav  indicalc  the  fonnataoa  of  it  at 
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a  different  depth  of  wafer  aiid  under  different  drcumstances ;  a  con- 

I elusion  consistent  with  the  indications  presented  by  the  fossiliferous 
Strata  which  it  overhea  and  alti-rs. 
Auotlier  viev?  may  be  taken,  however,  of  the  oripin  of  the  basaltic 
sheet  iutencning  between  the  u|iper  and  middle  oolites  in  Skye,  one 
which  would  serionsly  affect  the  preceding  estimate  of  its  date.  It 
may  be  regarded  as  intruded  traj),  insinuated  between  superior  and 
inferior  strata  at  an  epoch  long  posterior  to  that  of  tlie  deposi- 
tion of  the  former.  A  minuter  investigation  of  the  geological  pliie- 
nomeua  of  the  north  and  west  of  Skye  than  has  yet  been  made  will 
probably  determine  which  view  is  the  right  one  beyond  question. 
But  in  the  present  state  of  the  evidence  I  incline  to  regard  the  basalt 
«s  contemporaneous  with  the  oolites,  and  as  i)f  the  definite  date  which 
its  position  in  sequence  of  beds  scetns  to  indicate.  The  great  spread 
and  uniform  thickness  presented  by  this  sheet  of  basalt,  as  far  as  it 
has  been  examined,  the  mialtcred  condition  of  the  strata  which  lie 

Inpou  it,  and  the  baking  of  the  rocks  beneath  it  and  of  those  which  the 
jets  connected  with  it  pass  through,  are  facts  which  determine  mc  at 
present  to  regard  it  as  a  lied  of  the  date  j)revionsly  suggested.  At 
the  same  time,  in  the  Loeli  Staffin  section  there  are  appearances 
•t  some  of  the  points  where  the  trap  bursts  through  the  superin- 
frumbent  strata  which  I  could  not  cJearly  make  out,  and  which,  from 
their  coimection  with  the  faulting  of  the  beds,  at  first  sight  seemed  to 
indicate  disturbances   produced   by  the   lower   traji.     My  belief  at 

•present  is,  however,  that  the  distnrhBiiees  alluded  to  are  results  of 
the  jets  of  amygdaloidal  (rap  distinetiy  seen  bursting  through  the 
lower  and  middle  oolites  and  the  basalt,  and  breaking  up  and  baking 
the  estuary  beds  and  Oxford  clay,  on  which  the  amygdaloid  is  over- 
spread in  mass. 

The  area  of  the  Hebrides  apjiears  to  have  been  a  scene  of  igneous 
eruptions  and  disturbances  of  level  from  a  very  early  geological  period 
down  to  the  age  of  the  newer  tertiaries.  These  beautifid  and  sin- 
gular islands  present  a  rich  field  for  geological  exjdanation,  nnieh  as 
has  been  done  among  tiiem.  Their  ])alajontology,  oTie  of  tiie  fri'shcst 
and  fullest  mines  for  discovery  yet  remaining  in  the  Uritisli  Islands, 

»niay  be  said  to  be  unexamined.  The  working  out  of  the  exact  rela- 
tions in  age  of  the  igneous  with  the  stratified  rocks  of  the  Hebrides, 
and  of  the  physical  and  vital  phaenoniena  determined  by  the  several 
eru|)tinns  within  their  area  will  sooner  or  later  be  one  of  the  most 
iidehghtful  and  best-rewarded  tasks  to  which  a  com[ietent  observer 
apply. 


fZi*t  o/ Fossils  coUecleJ  at  Loch  Staffin,  leitlt  Descrijitiont  and 
Figure!  of  the  New  Species. 

Oxford  Clay. 

Ammonites  cordatus,  Soiceritj. 

Ammonites  Eugenii,  Raspail. 

Ammonites  A'crnoni,  P/iillips  .',  possibly  a  variety  of  J.  liplex. 
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Ammonites ;  fragment  of  a  species  nearly  allied  to  J.  tignod*tma  o/ 

Alcidc  D'Orbipiy. 
Beleinuites  Owciiji,  Pratt. 
Belcmiiitcs  Ucnumontiaiius,  D'Orbiffny.     This  b  the  B.  tuleahu  of 

the  Brora  lists. 
Turbo  ;  a  miiricated  8|iecie8  too  imperfect  for  detemiiualion. 
Nucula ;  remains  of  two  species. 
Pinna  niitis,  I'htUip*  f 
Area  couciniia  (Cuculleea,  sp.),  Phillip*. 
A\'icula ;  species  uncertain. 
Grypheea  dilatata,  Sow. 

Staffin  E*tuary  Shale*. 

R18SOA  (Hyorobia)  Conulcs.     Paludina  eonulu*  of  RoberUoo. 
Plate  V.  fig.  12. 

Shell  very  minute^  conical;  whorls  five  or  six,  rounded,  smooth, IIm 
last  ver)-  large  and  much  broader  than  the  others,  occupying  rather  itm 
than  half  the  length  of  the  shell.  I  have  comparra  the  sprctmnia 
with  those  oi"PalutiinaeoHuluji"  (Robertson  MSS.)  fnini  Bmra,intbt 
Museum  of  the  Geological  Society,  and  can  detect  un  difTrreiirr.  Tb* 
HydrobuK  are  Jlintotr,  for  the  most  part  inhabiting  bnickiith  water. 
The  species  can  be  dLsdnguished  from  each  other  only  with  difficalty. 
This  IS  the  mifigured  Paludina  compared  with  a  Weald  Clay  »p«oi!« 
in  the  list  apiM-iided  to  Sir  Hoderiek  Murchison's  paper  in  toL  ii. 
p.  366,  Geol.  Soc.  Trans.,  Socoud  Series. 

Nkritina  STArpiNKNSis.     Plate  V.  fig.  13  a,  13  6. 

"  S'frita  or  \rritiHa,  not  figured,  resembling  Woolwich  ahelk."^ 
Geol.  Trail*,  loc.  eil.  p.  366. 

A  uiiuutc  shell  not  exceeding  thn'e-twelflli.s  of  an  inch  in  IcnctK 
and  unfortunately  rare  and  in  bad  condition.  It  is  smooth,  witn  a 
body  whorl  widening  and  becoming  ventricose  towards  the  aprrtorr ; 
the  spire  is  very  snort,  obsolete,  and  of  few  and  ck)M  TolatiooA. 
Although  so  imperfect,  it  is  evidently  quite  distinct  firom  uj  (UtittiH 
Seritina.     I  found  only  two  specimens. 

OsTREA  IIebridica.     Plate  V.  fig.  4  a,Ab,  A  e, 

Ottrea  with  the  uinler  valve  spatulate,  rarelv  short  and  subcnaii- 
giilar,  nillier  smwith,  gently  tumid,  sometimes  highly  convex  ;  uppir 
valve  tint,  or  ni-arly  lint.  Ix-ngtb  of  n  Inrgi-  example  oite  inch  uhI 
three-tenlbn.  and  breadth  eij^hl-twelAhs  of  an  inch. 

This  is  the  "  flat  siMH-ies  of  Uttrea  "  uieiiti(inc<l  in  Geol.  Trana.  Jar. 
cit.y.  366.  aud  there  identified  with  one  found  witli  Cyrla*  awrfMU 
the  I«lc  of  Wight.  Being  very  familiar  with  the  oystertofthe  WcsUm 
anil  PurUrk  1  i-annot  tkAxnii  this  identification,  nor  ran  I  refer  th* 
Loch  Staflin  shell  to  any  known  fosail,  although,  as  usual  in  this 
Tariable  genus,  it  is  difficult  to  express  in  wonts  its  marked  diatinr- 
tious.  It  is  abundant,  and  from  ila  association  with  Cyri 
to  have  inhabited  brackish  WRtcr. 
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Pebna  Mvrcuisonii.     Platr  V.  fig.  \  a,  \  b,  \  e. 

Shell  elongato-subtriangular,  valves  unequal  but  both  tumid,  an- 
tcally  Ktraight,  very  tuuiid  and  steep-sided,  postealiy  augulatcd,  rapidly 
declining  to  an  acute  margin,  surface  obsoletely  wrinkled ;  dorsal  portion 
not  expanded,  ovate.  Hinge-line  very  oblic|ue,  straight,  terminating  at 
less  than  half  the  length  of  the  shell,  beaks  acute  ;  young  shells  dor- 
sidly  carinated  ;  pits  of  hinge  distant,  four  ortivein  nuiiiber.  Length 
1  iuch-^ths.  Maxunum  breadth  ,*-jths  of  an  inch.  Thickness  of  shell 
with  valves  united  ^tlis  of  an  inch.  This  well-marked  J'erna  difl'ers 
from  any  of  the  species  of  which  I  have  seen  examples  from  Brora, 
and  is  equally  distinct,  or  more  so,  from  that  which  1  have  found  in 
the  Purbecks.  It  is  the"3/y/i7«»?"  of  Sir  Roderick  Murchison's  list 
{loc.  eil.).  I  have  dedicated  it  to  that  distinguished  geologist,  as  the 
discoverer  of  the  Loch  Staffin  estuary  strata. 

I  Trigonia  tripartita.     Plate  V.  fig.  1 1  a,  lib. 

Shell  moderately  tumid,  ovato-subtrianguLir,  obliquely  carinated, 
the  carina  nodulose ;  the  space  between  the  carina  and  the  posteaj 
margin  is  occupied  by  about  three  longitudinal  radiating  ribs,  not 
very  elevated ;  the  central  portion  of  the  shell  is  ornamented  with 
eight  or  nine  very  oblique  strong  rounded  ridges  proceeding  from  the 
nodulations  of  the  keel  towards  tlie  margin  in  an  anteal  direction,  but 
all  stopping  short  except  the  two  lowest,  and  forming  acute  angles 
with  a  third  and  more  numerous  (about  twelve)  set  of  acute  and 
slender  ribs  wliich  nm  very  ohltcjuely  in  the  contrary  direction,  i.  e. 
from  the  anteal  margin  towards  the  centre  of  the  shell.  The  teeth  of 
the  hinge  are  strong  and  well  marked.  The  largest  valve  found  mea- 
sured i^ths  of  an  inch  from  beak  to  frontal  margin,  by  -ji^jths  of  an 
inch  maximum  breadth.  The  height  of  a  single  valve  was  rather 
more  than  yj^I^s  of  an  inch.  I  fouud  only  single  valves  of  this 
curious  and  ver)'  distinct  Triyonia,  an  ally  of  T.  undulata,  and  clui- 
racteristically  an  oolitic  form. 

Unio?  SrArFiNENSis.     Plate  V.  fig.  ha,bh. 

I  have  given  this  name  provisionally  to  impressions  of  a  bivalve 
having  the  form  and  aspect  of  a  small  Unio.  It  is  transversely  ob- 
long, inequilateral,  depressed,  truncated  anteally,  roimded  and  nar- 
rowed postealiy,  and  transversely  sulcated.  Its  breadth  is  -j^ths  of 
•n  loch.     Adult  specimens  will  probably  be  foimd  hcrcat'ter. 

Cyrena  Jamesonii.    Plate  V.  fig.  7a,  7b,  and  variety,  fig.  8«,  8b. 

I  Shell  moderately  tumid,  ovate,  inequilateral,  anteally  decUning,  an- 
[tral  extremity  subccntral,  ]>osteal  rounded  but  not  abbreviated,  surface 
'  obsoletely  furrowed  by  lines  of  growth,  sometimes  nearly  smooth, 
beaks  subacute.  Length  of  a  fairly  grown  example  (not  the  largest 
■  found)  T-'jtlus,  breadth  1  inch,  and  thickness  ^^ths  of  an  inch.  This  is 
abundant  shell.  I  cannot  distinguish  specifically  between  the  two 
'forms,  the  one  rather  more  tumid  and  narrowed  postealiy,  and  the 
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Other  rather  compressed  aiid  wider  posteallv.  The  latter  is  the  Cy- 
eta*  media  of  Sir  Itoderiek  Murchiiton's  list.  .^I\er  a  careful  coin|j«. 
riaon  of  this  Cyrena  with  Mr.  Robertson's  Brora  specimens,  and  the 
large  series  from  the  Furbeck,  Ilastiugs  sands,  and  Wealden,  iu  the 
Museum  of  Practical  Geology,  I  feel  bound  to  consider  it  distinct.  It 
is  a  characteristic  shell  of  the  Staffin  beds,  and  is  foiuid  iu  lar^ 
masses.  I  hare  dedicated  it  to  Professor  Jameson,  a  memorial  of 
his  many  and  valuable  researches  in  the  Hebrides,  and  as  a  token  of 
respect  from  one,  who  esteems  as  a  high  honour  the  good  fortune  of 
having  been  a  pupil  of  that  emuient  geologist. 

Cyrena  arata.     Plate  V.  fig.  6<»,  6  6. 

Shell  much  depressed,  very  inequihitcrBl,  posteallv  abbreriated, 
ovate-sub()uadrate,  surface  regularlr  sulcate<l  concent rieally,  ridns 
acute,  numerous,  narrower  than  tne  uiterspaces.  Drvadth  AtW 
length  ^tlis  of  an  inch.  Thb  very  distinct  siHvies  is  comparatively 
scarce,  and  not  gregarious. 

Cyrkna  Cunmnghamii.     Plate  V.  fig.  9  a,  9  b. 

Shell  depressed,  subiuequilateral,  subquadrato,  wide  and  ioblnm- 
c«tod  aut(«lly,  rounded  |.>o»tenlly,  anteal  extremity  iust  above  the 
frontal  margin ;  surface  obsoletcly  wrinkled  by  layers  of  growth : 
not  prominent,  rather  obtuse. 

licncrth  of  a  Inrgr  sp<«imcD  ^tbs  of  an  inch,  breadth  I 
tliirkness  half  an  inch. 

This  appears  to  be  distinct  from  C.  Jamtumii,  and  is  rasilr 
nised  by  its  small  and  depressed  lieaks.  I  have  dediratetl  it  la  tbr 
uieniorv  of  my  late  friend  niul  fellow  •'student,  .Mr.  Ilay  Cunningham, 
whose  Meuunni  on  the  Geolojjy  of  Scotland  held  out  no|>es  of  futtirr 
disoorerioik  too  soon  destroyed  by  his  premature  death. 

CvRENA  MacCullucmii.     Plate  V.  fig.  10  a,  10  A. 

Shell  tumid,  strong,  more  or  less  subtriangnlar,  abbreviated  pu»t- 
eally,  obhijuelv  sulMiugidated  anti-ally,  surtiice  with  freouent  andcloac 
lines  of  growtd,  beaks  verv  prominent.  Length  t'fths,  brvaJth  Htlia. 
thickness  i^ths  of  an  incli.  This  Cyrena  is  constantly  aaaooattd 
with  tlic  Pema.  It  varies  considerably  in  characters  and  ontlinr,  bat 
apiwmra  to  l>c  ilistinet  from  its  congeners,  and  to  oreiipy  a  special 
horizon  in  this  series  of  estiuirv'  beds.  I  Imvc  uiuned  it  m  hoooor  of 
the  eminent  investigator  of  the  geology  of  Se«ulaiid,  who  called  iMn- 
tion  to  the  series  of  ooUtic  be«ls  in  Skye. 

PoTAMOMVA  f  SowKRBii.     Plate  V.  fig.  2  a,  2  6. 

Shell  transversely  ovate,  subeiiuiUteral,  inei|uivalve  (f),  rather  tn- 

■d,  somewhat  expaiid(<d  anteally,  frontal  margin  rounded,  turiacv 

rtiiated  by  lines  of  growth,  beaks  iiromineut.     Ureadth  I  itH'h  and 

f\tlu,  length  ,',ths  of  an  inch,  ihieknes.i  half  an  ijich. 

This  It  the  "  bi\al\e  referable  to  Unto ot  Jnoi/om"  ckf  Sir  Roderick 
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Murchison's  list,  and  1  have  fig\ired  and  described  it  from  his  speci- 
tnen,  the  only  one  found.  The  true  generic  ])osition  of  it  and  the 
nest  are  %-ery  doubtful.  I  have  dedicated  it  to  Mr.  J.  De  Carle 
Sowerby,  who  drew  up  the  catalogue  quoted  of  the  oolitic  fossils  of 
the  Ilebrides. 


^V  PoTAMOMYA?  Sedgwickii.     Plate  V.  fig.  3  Q,  3  b. 

Shell  transversely  elongated,  inequivalve  ?,  subcompressod,  tumid 
near  the  beaks,  rounded  at  both  cuds,  most  produced  and  dilated  an- 
teally,  marked  by  coiicentric  furrows  of  growth.  This  e\ideutly  di- 
stinct, yet,  in  the  absence  of  better  speciuiens,  obscure  shell,  is  the 
"  transversely  elongated  bivalve  not  yet  named  or  figured,"  compared 
with  a  Wealden  shell,  in  Sir  llodcrick  Murchison's  list.  1  have 
dedicated  it  to  Profes.sor  Sedgwick,  who  jointly  with  Sir  Iluderick 

Ki  examined  the  geology  of  Loch  Staliiii. 


January  22,  1851. 

Webster  lUmmell,  Esq.,  and  Robert  Rawliusou,  Esq.,  were 
Fellows. 


» 


The  following  communications  were  read : — 

I.  MeiiwrauJuin  refpectinij  Choristopetali'M  impar  and  Cya- 
THOPHORA  ?  elegans.     By  William  Lonsdale,  Esq.,  F.G.S. 

.  In  the  volume  of  the  Paloeontographical  Society  for  IH.'iO,  M.  Milne- 
Edwards  and  .M.  Jules  Iltiime  state  that  ChuriilopHalum  iuiparAovs 
not  appear  fu  them  to  belong  to  the  class  Xoatif/taria,  but  is  in  their 
opuiion  a  Bryozoon* — the  groiiiuls  of  dissent  not  being  however 
mentioned.  When  the  description  of  the  fossil,  published  in  the 
Quarterly  Journal  of  the  Geological  Society  f,  was  under  jire]mration, 
the  author's  attention  was  necessarily  called  to  the  class  Bryozon,  in 
consequence  of  the  generic  name  Heferopora  having  been  assigned  to 
some  of  the  specimens  previously  to  their  coming  into  his  possession  ; 
and  it  was  not  until  all  the  detected  structures  had  been  carefidly  con- 
sidered, that  the  fossil  was  referred  to  Zountkaria  or  AnfAocoa.  In 
tlie  description,  the  visceral  receptacles  are  stated  to  be  tubular,  and 
tlie  tubes  to  be  crossed  at  irregular  levels  in  adjacent  receptacles,  by 
transverse  lamina:  or  diaphragms  J — '  labuta;'  o(  M.  M. -Edwards  and 
M.  J.  Haime ;  and  these  structures  are  carefully  delineated  by  Mr. 
J.  de  Carle  Sowerby  in  plate  4.  fig.  6-J-,   particularly  as  resjxscts 


*  Op.  eit..  Memoir  on  British  Fossil  Corals,  p.  70. 
t  Vol.  V.  p.  f  " 


p.  66-77. 

t  Loco  cilalo,  p.  66,  I.  22,  24 ;  p.  68,  I.  12  from  bottom  et  itg.;f.  69,  1.  10 
!  ttg.  and  23;  p.  70,  I.  17,  alto  lut  line  with  coiitinuatiuo  in  p.  71 ;  p.  71, 1.  32 
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the  diaphragms  being  on  different  leveU  (fig.  6  -|-  near  the  bottom  and 
left  side),  the  continuous  line  representing  the  boundaries  of  two  coo- 
centric  layers*.  It  is  further  stated  more  thanoncct,  that  trmiirvena 
letniuie  are  wanting  in  tubular  Bryozoa  or  Ascidiaii  ptilypes  ;  bat  are 
characteristic  of  Anthuzoa  {Zoantharia)  ;  yet  their  existence  in  the 
lower  greensand  fossil  is  not  denied  bv  M.  M. -Edwards  and  M. 
Uaime.  In  the  sneoimens  examined,  the  stnicture  was  freaueatly 
absent,  being  one  ot  the  most  }>erishable  portions  of  stony  cortut ;  but 
it  occurred  sutficiently  often  to  prove,  that  it  was  an  e»eutial  com- 
poueut  of  Chormtojtrtalum  imparl  '>  •'  is  moreover,  even  when  preMBt, 
not  always  easily  to  l>e  detected  in  tubes  of  very  small  calibre.  In 
Ckcetetrt,  the  want  of  cross  laniinee  was  one  of  the  characters  on  which 
the  genus  was  founded,  but  that  diaphragms  exist  in  the  typical  spe- 
cies cannot  be  doubt«d.  If  it  should  be  urged  that  cross  lamina:  m 
not  «  constant  structure  among  Corallaria,  being  totally  wanting  in 
true  Aleyonite,  it  must  Ik-  stated,  that  eitlier  diaphragnts  or  an  ecjui- 
valcnt  coniiKjnent  ])revail  throughout  the  claas  generally ;  while  it 
remains  to  be  shown  that  they  occur  in  any  genus  of  liryozoa.  The 
Bulxirder  Zoantharia  tahulata  of  M.  M. -Edwards  and  M.  Haime  ta 
based  on  their  existence §.  One  of  the  peculiarities  of  the  lower 
greensand  coral  is  the  facility  with  which  it  sei>nmtc-s  into  Uyers  on 
uiechanical  force  being  rightly  applied  ;  au<l  examples  of  the  SFverMl 
.surfaces  are  represented  by  tigs.  7  and  K{l,  the  ciiaracters  thus  di» 
splayed  agreeing  also  with  those  of  tolerably  preserved  esterionf . 
The  larger  openings,  in  both  cajtes,  led  directly  into  tl»e  visceral  tubes  ; 
but  they  might  be  mistaken  for  the  apertures  of  cells,  or  of  tubes 
limited  ui  extent  to  the  thickness  of  a  Uyer.  It  is  howfVCT  slated 
in  the  descri]>tion**,  that  the  under  surface  of  the  delachtd  portioB 
presented  a  counterjiart  to  the  surt'ace  from  which  it  had  hem 
serered,  or  a|>ertures  of  similar  dimeu^ons  ;  and  that  the  former  had 
manifestly  been  moulded  on  the  latter.  The  larger  openings  consti- 
tuted, therefore,  a  direct  communication  from  layer  to  Uyer,  and 
were  not  the  apertures  of  cells  or  short  tubes,  but  had  been,  for  a 
time,  the  upper  extremities  of  continuous  tubes  or  visceral  csritics 
perioiUcally  elongated  and  crossed  at  irregular  iuterraU  by  dik* 
phragins.  It  is  therefore  believed  that  the  fosjsil  was  rightly  assigntd 
to  the  class  Jnlhozoa  (Xoantharia),  and  the  autlior  must  maiotats 
that  opinion  till  the  data  are  shown  to  Ik-  erroneous. 

II.    With   respeit  to  Cyathopliora.'  rleyan*,  M.  M. -Edwards  sad 
M.  Ilninu'  Ktate.  that  they  do  not  quite  understand  the  rauoas  \n 
which  the  (Irwriber  was  guided  in  referring  with  "  a  *isfn  of  doubt 
the  lower  gnjensand  fossil  to  the  ('yfl/Ao;>A«ra  of  M. '^!  ^igrnus, 

which,  in  their  opinion,  does  not  differ  from  true  >  It 


■  P.  72.  last  I.  ud  p.  73. 

t  P.  68,  L  6  from  hutkini,  p.  70,  I.  12-21  asd  I.  7  from  boUom. 
:  P.  71, 1.  S2-.\S. 

t  (^iRipIca  Rcnilui.  tfl49,  ^  260.    PaUeoalogfapfaied  SeciMy,  «oL  tar  \9I>0, 
Mem.  Brit.  Ki>»«.  Cunli,  Introduction,  p.  Ini. 
0  t^ian.  Juum.  Gr<jl  Sor.  vol.  v.  pi.  I ;  coninlt  tlw  p.  72,  last  Ud«.  aad  fk  7X 
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said  iu  the  description  that  the  noticed  agreements  between  the  French 
and  English  corals  were  few  *  ;  nevertheless  that  no  structure  had 
been  detected  in  Cyathophora  Richardi  which  did  not  exist  in  the 
British  zoophyte  (loc.  cil.).  The  points  of  agreement  refer  to  the 
characters  of  the  visceral  cavities,  also  to  the  limited  range  centrally 
or  across  the  diaphragms  of  the  lamellwt ;  and  the  reader  will  find 
a  great  amount  of  agreement  in  the  longitudinally  exposed  visceral 
cavities  of  M.  Michelin's  fig.  1  a  J,  and  those  truthfullv  delineated  by 
Mr.  de  Carle  Sowerby§,  particularly  in  the  interior  distinguished  by 
a  + .  It  is  also  mentioned,  that  the  maimer  of  producing  additional 
cavities  was  probably  similar  in  each  fossil  || .  The  characters  of  the 
spaces  between  the  abdominal  receptacles  of  CyathojiAtjra  Richardi 
are  neither  delineated  nor  described  ;  but  weather-worn  or  abraded 
portions  of  the  lower  greensand  coral  showed  as  little  of  the  real 
nature  of  the  intervals  as  the  delineations  in  the  '  Iconograpliie  Zoo- 
phjlologiquelf.'  So  far  therefore  as  a  comparison  could  be  carried, 
on  agreement  existed  ;  and  not  feeling  justified  in  assuming,  that  the 
tindeiineated  and  undescribed  parts  of  the  Frejich  fossil  resembled  the 
equivalent  portions  of  the  Englisli  zoophyte  or  differed  from  them,  the 
author  conceives  that  he  decided  rightly  in  referring  the  lower  green- 
sand  coral  provisionally  to  M,  Michelin's  gcuus ;  but  in  the  original 
notice  he  however  added,  should  jiahcontologists  hereafter  show,  that 
in  the  unascertained  structures  of  Cyathophora  Richardi  there  is  a 
decided  difference,  the  name  of  Holocystis  might  be  adopted  for  the 
Atherfield  fossil**.  The  name  has  been  adopted,  but  the  unascertained 
structures  have  not  been  described ff.  M.  M. -Edwards  and  M.  Uaime 
remark,  however,  that  Cyathophora  does  not  ui  their  opinion  differ 
from  true  SlylinaXX  ;  and  they  state  in  the  '  Annales  des  Sciences  Na- 
tureUes§§,'  in  the  synonyms  to  Stylina  Boitryueti,  tliat  Cyathophora 
Richardi "  ne  nous  semble  differer  du  polypier  que  nous  decrivons  que 
par  le  mauvais  etat  de  conservation."  The  author  of  this  Memo- 
randum has  never  seen  a  specimen  of  Styl.  er/iinuZ/iia,  the  coral  on 
which  Lamarck  founded  liis  genus ;  but  MM.  .M. -Edwards  and 
Haimellll  identify  M.  Michelin's  l^lyl.  Gaulardi^^  with  it,  stating 
moreover  that  thefigure(5)  is  "a.ssez  bonne,"  and  condemning  the  re- 
presentations of  Schweigger*t  and  De  Blainville*!.  A  careful  con- 
sideration of  M.  Michelin's  figure  just  quoted,  as  well  as  of  his  deUnea- 
tion  of  Sty/.  tubuloaa*fj,  a  species  recognised  by  the  authorities  so 
often  mentioned*  II,  assisted  by  the  remarks  on  Sty  Una  given  in  the 
'Annales  des  Sciences  Naturellea*^!,'  has  not  enabltnl  the  author  of 
thb  Memorandum  to  detect  in  Cyathophora  Richardi,  aa  dehneated, 
and  no  doubt  truthfully,  the  essentia]  structures  of  Stylina.    The 

•  Quart.  Joum.  Geol.  Soc.  p.  ii,  1.  27. 

t  P.  83, 1.  5  (>/  teq. ;  p.  82, 1.  1 1  from  bottom.  J  Icon.  Zooph.  pi.  26. 

i  Quart.  Joum.  Geol.  Soc.  pi.  4.  fig.  13.  ||  P.  83, 1.  25. 

f  Quart.  JoufD.  Geol.  Soc.  p.  82, 1. 1  from  bottom,  and  continued  p.  83, 1. 1-3. 

••  P.  83, 1.  17  from  bottom.  ft  Pal.  Soc.  vol.  for  1850,  p.  70,  71. 

U  Op.  eil.  p.  71.  J5  Trolsieme  ii^rie,  t.  x.  p.  291,  1848. 

n.l  Ann.  Sc.  Nat.  t.  x.  p.  2B9.  11^  Icon.  Zooph.  p.  97.  pi.  21.  fig.  b. 

*T  ikobttc-btungfen,  pi.  7.  ilgi.  63  a-d,     *tMan.  d'Actinol.  pi.  62.  figs.  5,  5  a,  i, 

*\  Op.  cil.  p.  97.  pi.  21.  fig.  8.         »ll  Ann.  Sc.  Nat.  p.  289.       'f  P.  288. 
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Iransverse  and  in  some  plawa  coniplicated  lainiiue  aetm  to  him  to 
bear  the  characters  of  true  diapliragms,  and  to  be  aeatt^  witliin  the 
visceral  cavitie* ;  wherc>a8  the  concave  or  trausTcrw  lamina;  in  M. 
Michi-hu's  delini-ations  of  Slylina*  are  without  tlie  cavilien.  M. 
M. -Edwards  and  M.  Ilaime  g;ive  moreover  the  following  as  one  of 
the  generic  characters:  "  Polyi>ii'rite»  trcs  allonges,  unia  eutre  r«u 
au  rnoyen  d'un  grand  dcveloi>|H'uient  des  cotes  ct  dc  rcxi>fht-i|«ff." 
The  internal  composition  of  the  visceral  receptacle*  i»,  m  |y, 

not  shown  in  the  figures  before  <|noted  ;  but  if  rightly  unil.  ,iy 

are  traversed  vertically  by  lanielise  ("cloisons,"  .MM.  KdMarvU  and 
Uaime),  the  broadest  of  whieit  touch  the  colunielln^,  while  no  men- 
tion is  made  of  cUnphragms.  Un  tlie  coutrary,  M.  .Michclin  myt,  Um 
lamellae  com]>osing  the  terminal  star  in  Cyathophora  ItieAmrdi, 
"  couvrant  a  iieiue  la  moitie  de  la  superticie  de  la  deniierr  doison" 
(diaphragm)  ;  and  ttoallu-sion  is  made  to  a  columella§.  M.  M.-Eti- 
UHrds  and  M.  Ilaime  acknowledge  fidly  the  dilhculties  which  thry 
encountered  in  determuiiug  the  si>eciesof  ^/y/iJio  deHcriU-d  bv  then  ; 
""^  '  it  is  im]>us8ible  to  doubt,  that  the  evidence  to  which  they  had 
Access  was  thoroughly  cousidcred  before  they  concluded  that  CyalMo- 
pkora  differs  not  from  true  Sti/Una\\.  The  author  of  the  nrenrnt 
notice  wishes  only  to  maintain  that  he  was  iustitied  in  drawing  the 
inference  which  he  did  from  the  data  before  liim,  while  to  have  gone 
beyond  them  would  have  rightly  made  him  ameimble  to  c<-iuurc  ;  ami 
he  conifi^cs  that  he  would  have  erred,  if,  during  his  search  for  uifor> 
mation,  he  had  considered  the  fossils  (Styl.  Oaulanii  or  rrkimulatu 
and  ^.  tubulata)  deUueated  by  M.  Michelin  in  pi.  '.^t.  figs  .'>  and  t>,  to 
be  generically  allied  to  the  coral  {Cya.  RieAardi)  repriMented  io  pi.  26. 
figs,  la,  lb. 

In  the  description  oi Cyalhophora'.  elegant^,  allusion  is  made  to  Uw 
./^«/rc»  u/rru/d/u  of  Goldfuss  *  * ;  and  that  fossil  is  iucluih-d.  as  waO 
as  Cya.  Richardi,  auumg  the  synonyms  to  Styliua  Buuri/vrtiff,  with 
the  remark,  "  nous  parait  etrc  uu  cchantillon  dont  les  chambrcs  •• 
serairnt  rrmplies  a|>rx-s  U  dis|>antion  drs  cloisons  et  de  hi  columcUe." 
By  the  kindness  of  Mr.  WiUon,  of  Lydstip  House,  near  Teuby,  tbr 
author  has  been  able  to  examuic  a  named  specimen  of  Attrea  aletO' 
lata.  It  agreed  (K-rfectly  with  Goldfuss's  fig.  3a,  but  theapeciinei^ 
tliough  fine,  being  siUcified,  had  the  subordinate  stnirturM  much  0^ 
grured  by  the  concretions  due  to  mineralization.  No  doubt,  howervr, 
could  be  entertained  that  the  visceral  cavities  were  rrosard  own  or 
less  horizontally  by  diaphragms — that  a  central  axis  had  never  cSHterf 
— and  tliat  the  lamella-  extended  only  to  a  hutited  distance,  the  watt 
pruiectiug  iu  the  liutt-urtsaervcd  examples  being  six  in  number — 
GfifdAias  lava  six  or  eigiit.  The  nature  of  the  s^ieeiTDen  prevented 
the  detailed  structure  of  the  lamella?  from  bring  !>  !  ; 

but  they  clcwly  ranged  from  oi»e  cavity  to  the  next,  i    :     .         ,  i  la 

*  Lte.tit.  t  Op.  fit.  p.  M7. 

t  Aaa.  Sc  Nat.  SlyL  teUmuUl;  p.  289. 

i  lata.  Zooiiby.  p.  I(M.  D  PaL  Soe.  ««l.  far  ItIM,  pi  71. 
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the  ' Pctrefactcn,'  fi?s.  3a,  .34,  and  in  Cyathophoral  elegant*  ;  cells 
were  also  rxhihitetl  in  some  iiinces  between  the  nsceral  receptacles, 
and  similar  to  those  expressed  in  fig.  l.'i,  PI.  -1.  of  the  Society's  Jour- 
nal ;  the  mode  of  developing  adilitionAl  ea\itie3  was  likewise  the  same 
in  hoth  fossils,  as  well  as  the  giMieral  habit  of  gjowth.  It  is  therefore 
inferred  that  Axlre.a  alreoUiUi  is  not  a  Sty/ina,  but  is  generically 
allied,  as  before  conjectured,  to  the  lower  greeusand  coral,  whatever 
appellation  may  be  ultimately  adopted  for  the  latter. 


.  Oh  Supposed  Casts  o/"  Footprints  in  the  Wealden. 
By  S.  II.  Beckles,  Esq. 

[Communicated  by  the  Prerideot.] 

Certain  large  trifid  bodies,  presenting  a  resemblance  Jo  the  casts 
of  the  ini|)res9ions  of  birds'  feef,  are  rather  numerous  in  tin-  cliff's  to 
the  east  and  west  of  Hastings  (from  the  latter  locality  .Mr.  Heckles 
has  obtained  eight  S])ecimeus),  in  a  limestone  toutaiiiing  Cyrfiue, 
remains  of  LepiJii fits,  &e.,and  Dr.  Mnutell  has  discovered  a  specimen 
in  the  Wenlden  of  the  Isle  of  Wight. 

Several  specimens,  detached  from  the  cliffs,  have  been  taken  from 
the  beach  ;  hut  at  about  four  miles  east  of  Ilastiuga,  where  the  cliffs 
are  about  200  feet  high,  the  casts  occur  at  about  10  feet  above  the 
sea-level.  They  were  found  in  a  strafuui  of  rock,  overlying  a  bed  of 
clay ;  which  latter  having  been  removed  by  rain  anil  weather,  the 
casts  appeared  in  reUef  on  the  uiuler-surlaee  of  the  rock,  just  as  if 
they  were  banging  fi-oni  the  ceiling  of  a  room. 

One  detached  block  obtained  ut  this  place  bears  four  of  these  trifid 
bwlies  ill  relief;  they  are  arranged  with  the  toes  pointing  In  a  uni- 
form direction,  so  as  to  mark  out  a  uenrly  f)erfect  square.  A  distance 
of  2  ft.  7  in.  separates  the  two  in  front,  and  2  ft.  ,')  in.  the  hinder  (wo : 
between  the  two  on  the  right,  I'roni  the  toe  of  the  hinder  one  to  the 
heel  of  the  foremost,  there  is  a  space  of  2  ft.  3  in. ;  and  between  the 
other  two  the  distance  is  less  by  nearly  2  inches. 

The  largest  specimen  found  has  a  length  of  21  inches. 

The  general  uniformity  of  position  and  of  character, — the  constant 
presence  of  a  middle  or  heel-hkc  |)romiueiice  and  of  three  "toes," 
the  central  one  being  always  the  longest,  together  with  other  imiform 
peculiarities, — have  reference  a|iparently  to  the  connection  of  the 
origin  of  these  trifid  bodies  with  the  fuot-jiriuta  of  birds  or  other 
animals. 

Some  specimens,  as  for  instance  that  of  which  a  model  was  pre- 
sented to  the  Society  by  Mr.  Taggart  in  1H-J6f,  have  narrower 
"  toes  "  than  others. 


•  Quart.  Joam.  Geol.  Soc.  vol.  v,  pi.  4.  flgii.  12,  124.. 
t  See  Quart  Jourri.  Geol.  Soc.  vol.  U.  p.  2C7. 
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On  the  Superficial  Accumulations 
OLI8B  Cbannki.,  and  the  changes 
Austen,  Esq.,  F.R.S.,  G.S.  &c. 


of  the  Coasts  of  the  En- 
they  indicate.     By  B.  A.  C. 


The  geological  phaeuomena  which  form  tlic  subject  of  the  present 
oommuuicatioii  have  hitherto  been  included  under  notices  of  "  Rjised 
Beaches,"  or  of  "  Recent  Changes  of  lA?vel ;  "  they  have  invariably 
been  considered  as  illustrations  of  the  latest  vertical  movements  of 
the  earth's  crust,  as  refenihle  to  one  single  period  of  time,  aiid  •• 
mostly  of  small  amoimt.  My  object  will  bo  to  show  that  the  phaeno- 
mena  in  question  are  much  more  complicated,  that  they  imply  a  vtA 
period  of  time,  that  one  most  im)iortaiit  character  has  been  entirely 
overlooked,  and  that  taken  together  they  help  to  explain  the  history 
of  what  is  perhaps  the  most  striking  ut  the  changes  in  its  physical 
coiiditioius  which  tlie  Northern  hemisphere  has  experienced — namely 
those  which  occurred  during  the  Pleistocene  period. 

The  consideration  of  the  evidence  which  any  one  of  these  masaca, 
known  as  raised  beaches,  presents,  will  be  the  best  introduction  to 
the  notices  which  follow.  It  must  be  borne  in  mind  tluit  no  traces 
of  such  accumulations,  sufficiently  clear  for  our  purpose,  will  be  founil 
along  those  ports  of  the  coast-line  of  the  English  Channel  which  con- 
sist of  yielding  strata ;  from  which  we  may  infer  that  (hf  period 
of  thf  prfseitt  tea-lerrl  hat  been  of  auficimt  continuance  to  aJtote  of 
the  cutting  hack  of  such  coast-line  to  point*  beyond  the  onyinal  ex- 
tension inland  of  such  accumulations. 

The  nliKnumcna  to  be  dc8<.-ribed  are  to  be  first  observed  on  Um 
coast  of  Devon,  at  the  point  where  the  older  slates  and  linuatoiM* 

Fig.  1 . — Section  Wttt  of  the  Entrance  into  Dartmouth  ilarUmr. 

'/ 


f.  AnrWvit  HA.rUa. 
/.  Suburul  bed*.     TM(k  I 
arUir  mmurull,  attk  t 
lb(ock<of> 
f .  DsM-raek. 


eimi^r  iriTin   i.tiif.itli  the  new  red  sandstone,  and  thev  are  tl 
oontuiued  on  interruptedly  ;   the  completeness   with   which  they  are 
pnMnted  depends  much,  even  there,  on  the  mamier  in  which  the 
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^         ^lie  coast-liiie  j-iel  J  to  the  action  of  the  sea,  and  on  the  di- 
h,^  ^^^    "^fliich  oui-  compuiiL-iit  j)()rtion  has  ac(|iiirf(l. 

'  "«^tions  taki-ii  about  the  point  of  land  fonning  the  west  side 

,.;         'Atli  harbour, and  at  low  water,  give  an  outline  such  as  is  repre- 

iWr^  .    >r    Section  No.  4.  PI.  VI.     A  siniiLir  condition  of  couat  is 

Ut  c^^r'^'West  tone  (a)  is  that  of  the  thick  growth  of  Fucus,  the  upper 
*'  ^         '^  hjch  presents  a  true  horizontal  line,  and  which  may  be  taken, 
"^sictl  by  M.  Bravais  (Voyages  en  Scandina\-ie,  &c.,  p.  67),  a« 
tVie  mean  sea-level. 

*onc  nest  above  this  (6)  presents  a  clean  surface  of  rock,  with- 

*'*Hne  vegetation,  and  its  uppermost  limit  is  that  of  the  maximum 

'  IVie  tide.     At  the  spot  wliere  the  section  tig.  1  is  taken,  there 

'•'each  even  at  low  water  ;  the  materials  of  the  sea-bed  are  found 

li  jiatches  of  sand,  shingle,  and  broken  shells  filling  the  hollows 

'  luequalities  of  these  zones :  these  two  zones  form  the  tidal  belt 

tlie  present  sea-level. 

J  1.  Higher  than  this  last,  there  is  again  another  very  distinct 
^/^'iif  (<■)  presenting  a  nigged  surface  of  rock,  overgrown  with  grey  and 
^^nuigc  lichens,  and  having  the  hollows  filled  with  tufts  and  masses 
^Qf  grasses,  Arnieria,  Plantago,  Erjthmea,  &c.,  rooted  in  sea-sand. 
Jliii  zone  extends  upwards  to  the  base  of  the  cliff  (<?) ;  it  is  now  wholly 
»nd  permanently  beyond  the  reach  of  the  sea,  and  i»  the  upper  tidal 
lonr  of  a  former  tevd^  when  the  sea  reached  and  formed  the  cliff  at 
(<•)  ;  it  indicates  a  change  of  level,  which  so  far  as  elevation  is  con- 
cerned, is  necessarily  the  most  recent  which  has  taken  place  on  this 
wctiou,  and  which  we  may  estimate  at  8-10  feet. 

The  horizonlid  breadth  of  this  zone  (c)  from  place  to  place,  de- 
nds  on  the  form  of  the  outline  of  the  sea-margin  between  tides, 
en  the  land  stood  at  the  former  level :  often,  as  at  the  west  of  the 
entrance  to  the  harbour  of  Dartmouth,  see  fig.  1,  the  outline  is  nearly 
that  of  a  i)latform  :  in  these  cases  tlicre  is  often  such  a  thick  growth 
(f  vegetation  as  to  conceal  the  features  above  described  :  the  evidence 
^  its  ongiu  as  a  true  marginal  sea-zone  is  to  be  found  by  the  removal 
of  the  surface  turf,  when  the  loose  sea-sand  with  rolled  and  broken 
shells  will  be  usually  found  beneath. 

I  Ijavc  selected  Falmouth  and  Dartmouth,  as  they  are  places  of 
easier  access  than  most  others  ;  because  the  evidence  is  to  be  clearly 
en  there ;  and  because  the  amount  of  vertical  rise,  which  is  the 
''tMme  at  both  [daces,  can  be  easily  determined. 

About  the  coasts  of  the  whole  of  the  group  of  the  Channel  Islands 
there  are  sections  which  are  the  exact  counterparts  of  the  foregoing, 
and  where,  owing  to  a  rise  of  small  amoimt,  the  sea  does  not  now 
reach  a  line  which  clearly  marks  its  former  level  (see  fig.  2). 

The  features  above  described,  illustrative  of  the  latest  alteration  of 
the  sea-level,  belong  to  places  situated  on  the  open  coast ;  and  to  this 
period  of  the  lower  level  of  the  land,  I  would  refer  such  accumulations  as 
those  of  the  valley  of  the  Exe  (Geol.  Trans,  vol.  ri.  p.  440),  inasmuch 
as  n  depression  of  from  8-10  feet  would  convert  the  whole  of  that  area, 
as  high  as  Exeter,  into  a  salt-water  estuary,  and  account  for  the  beds 
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of  Marfra,  Ti-llina,  and  Cardium  found  at  Alpliington.  To  the 
the  uppennogt  portions  of  the  valley  aei'umulatious  of  CoruwaU, 
those  of  Peiituan  (Sectiou  No.  1.  PI.  VI.),  belong  to  this  level  (De  la 
Beche,  Report  on  Devon  and  Cornwall,  p.  10 1 ).  Without  multipljiag 
instances,  uiauy  of  which  will  reatlily  occur  to  most  geologisu,  rri- 
dence  of  a  like  change  of  level  can  be  traced  up  Channel,  as  far  ettt- 
ward  as  the  valley  of  the  Ouse  in  Sussex,  where  the  former  sprcMl  of 
the  waters  of  the  sea,  over  the  low  tract  about  Lewes,  was  long  max 
pointed  out  by  Dr.  Mantell :  here  too  the  amount  of  elevatkm  nxati 
closely  corresponds  with  that  on  the  west. 

The  level  of  many  accumulations  of  sand  and  shingle,  at  tmall 
heights  above  the  reach  of  the  sea,  would  also  refer  tlieui  to  this  lirt 
change  of  relative  position.  Of  these  we  may  notice  those  of  the  lo* 
ground  east  of  Cherbourg,  and  those  along  the  west  coMt  of  tkc 
C-oteuliii ;  like  Ix-ds  may  be  seen  around  the  Cliannel  Islands,  sack 
as  those  from  St.  Ilelier's  towards  Mont  Orgueil,  and  in  Guemary, 
|iarlicularly  about  the  north  end  of  the  island. 


Fig.  2. — Section  at  St.  Sampson  t,  Guemtey. 
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II.  Rranllr. 

t.  Surfkcr  of  lh«  uMMlflnf  rark  tvtmi  Vj  imindcd  n<it>lM  of 

c.  OntuOc  mnd  vMli  l*r(«  u^uUr  (huamU  ettxiil*. 

4.  flmtn*  wUkyafeNw. 

(.  HarlmiulUirtwofiMi*. 


Fig.  2  was  taken  from  a  section  of  superficial  arrumulations  expoaed  I 
in  St.  Sampson's  parish  :  the  upper  surface  of  the  granite  is  very  i 
wen ;  upon  it  arc  rounded  liotdders  of  granite,  covered  by  a 
dnvhle  thickness  of  granitic  muiiI,  containing  large  ani;idar  fragiiieuts 
of  granite  -,  attove  this  is  pun-  sea-sand  and  pebbles,  with  one  prindpal 
•cam  of  shingle,  the  whole  so  far  conforming  to  the  outline  of  the 
subjacent  nick  :  the  upiM-rmost  layers  of  sand  are  horixnntal  and  ha«« 
cut  across  tlie  lines  of  (lr[>oKition  of  the  lower  portion  of  the  mass,  tkr 
result  of  the  movements  of  the  water,  under  1ms  dcjiths  than  thnsr  at 
which  the  sands  were  accumnlatetl. 

In  the  construction  of  the  sea-wall  from  Tor  .\bbev  towanis  Plaicn- 
lon,  iieds  of  Sahellnria  were  cut  through  at  about  higii-watrr  liite  ;  toe 
upper  limit  of  thcM  animals  is  below  that  of  mean  sea-level ;  thne 
beos  would  thtis  indicate  a  rise  of  at  least  half  tlie  amount  of  tlie  tide 
at  this  place. 

Dmm  fbraer  npnrr  tidal  tones,  with  their  correapoading  raised 
marine  and  ealtury  ocds,  are  the  only  portions  of  those  indicatioof  of  . 
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nges  of  level  which  can  with  any  fitness  be  referreil  to  what  nmy 
fniisiiliTi'd  as  a  "  reci-nt  jM-riod."     When  we  bear  in  tniiid  the 
rrut  extent  of  the  urea  of  the  English  Channel  whieli  is  eomiirised 
rithia   lines  connecting  the  several  places  which   have  been  here 
aticed,  we  may  safely  infer  that  this  last  change  has  been  a  nniforni 
one  throughout.     M'ithout  entering  into  unnecessary  details  with  re- 
spect to  areas  bey<in<l  the  English  Channel,  it  may  be  stated  generally 
that  there  is  abiuidant  evidence  of  a  like  change  of  relative  level  of 
nail  amount,  over  that  of  the  Gcnnan  Ocean. 
§  2.  Tlie  next  level,  in  chronological  order,  at  which  we  meet  with 
lence  of  a  former  reach  of  the  sea-margin,  is  in  position  (i/)  on 
tions  No.  1.  I'l.  VI.  and  tig.  1  :  we  there  constantly  find  sea-sands, 
thin  seams  of  pebbles,  and  shingle,  with  the  common  shells  of  the  const. 
The  thickness  of  these  beds  is  never  very  great,  and  at  elevations  of 
1  feet  they  show  clear  indications  of  belonging  to  the  uj)pcr  marginal 
ea-zone.     Tliey  become  distinct  only  when  they  rest  on  the  summit 
the  accumulations  to  he  next  described  ;  where  they  come  in  con- 
et  with  older  sea-beds,  the  line  of  separation  is  not  usually  clear. 
Phe  older  sea-beds  are  more  consolidated,  and  their  upper  surfaces 
worn  smooth  in  places.     Instances  of  this  level  are  to  be  seen 
in  the  eoa-st -sect ions  west  of  Falmouth,  and  in  those  of  the  Prawle 
and  Start  (Ustrict,  to  which  the  foregoing  observations  more  parti- 
cularly ajiply  ;  here  the  upper  |)ortioii  is  often  included  in  the  band  of 
dark  vegt- table  mould,  indess  where  local  rircumstances  have  favoured 
lie  subsequent  accimudation  of  earthy  materials.     Marine  l)eds  of 
Tiis  age  occur  in  the  Channel  Islands'  sections  (fig.  2,  d). 
Tlie  estuarine  de|iosit8  which  wouUl  be  the  equivalents  of  the 
••ea-beds  of  thb  level  are  those  seen  in  the  Pentuan  section  (No.  1, 
PI.  VI.),  with  which  those  of  the  other  valleys  of  the  West  accord. 

These  beds  are  clear  indications  of  another  sea-level  perfectly  di- 

stuict  from,  and  show  a  depression  of  the  land  of  somewhat  greater 

amoiuit  than,  that  of  the  lower  level  previously  noticed.      If  some  of 

the  high  level  accumulations  of  shingle  of  the   Lizard  district  are 

2;htJy  referable  to  this  period,  as  I  am  disposed  to  consider  them 

K>r  reasons  which  will  be  assigned  when  considering  the  beds  next  in 

f.5cending  order,  the  levels  at  which  the  beds  of  this  age  occur  are 

i>t  so  unifonn  as  those  of  the  period  last  described.     The  subsequent 

rise  of  the  laud  a|:)|)ears  to  increase  as  we  procecti  westwards. 

§  3.  The  accumulation  of  materials  next  in  order  on  the  typical 

ion  No.  -1.  PI.  VI.  (2,  Sidmeriid  beds)  occurs  in  a  vast  number  of 

ctious  to  be  observed  along  the  coasts  of  Devon  and  Cornwall ;  it 

has  not  entirely  escaped  obseriation,  but  as  far  as  I  can  find,  has 

Iulv  been  iucidentallv  noticed,  and  generally  under  the  vague  term  of 
bead." 
These  beds,  wherever  found,  are  remarkably  unifonn  in  their  gcne- 
ll  appearance  and  composition :  they  consist  of  fine  earthy  matter, 
Bch  as  would  residt  from  the  decomposition  of  the  rocks  of  the  place ; 
lixed  with  this  are  fragments  of  rocks  of  all  sizes,  ranguig  up  to 
locks  of  considerable  dimensions :  the  fragments  are  obviously 
smaller  in  the  ujtper  jiortion  of  these  accumulations  than  ui  the  lower. 
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III  places  where  the  »lo|>c  of  the  Innd  is  «t  n  siniiJl  Angle,  ihc  "  head" 
is  mostly  earthy,  wid  ot"  small  amount  ;  where  it  i»  »tc<>p,  or  rockv,  il 
becomes  in  nrnnortion  thick  mid  fragmentary  :  the  com|>oncnt  infi- 
ments  will,  in  this  case,  be  seen  to  have  lieen  derived  in  cvcrj'  iiiataucc 
from  the  masses  of  rock  immediately  overhanging — the  piat^riaU  »rr 
always  ttrirtUj  local  as  to  origin. 

These  accumulations,  as  seen  in  cliff  sections  and  at  short  Uistiuicri, 
present  an  8p[>eamnce  uf  horizontal  arrangement  ;  closer  cxamtoitiaQ. 
however,  shows  that  this  has  nothing  of  the  character  of  sutMiqaeoim 
arrungement :  another  verj'  obvious  feature  is,  that  the  frntfrnntt 
are  all  j>erfeetly  sharp  and  anyular — no  specimens  of  iucludeil  water- 
worn  rock  are  ever  to  be  found. 

A  few  localities  at  wide  uitenals,  but  at  which  these  accuinuUtkiM 
may  be  observed,  and  pres<-utiug  their  most  instructive  feature,  u* 
to  age  and  urigiii,  may  perhaps  suffice.  The  blocks  and  I'mjciimili 
included  in  the  ma.'is  west  of  Pcudennis  Point  coiiMSt  exclusi\ely  of  the 
[leculiar  slates  and  included  harder  bauds  of  that  locality  ;  the  like 
occurs  in  the  St.  Austle  liav  sections,  |>artietdnrly  in  the  ooane  bad* 
at  Polkerris.  The  acciimnfations  aUiut  th<-  bold  headlands  from  tlie 
Bolt-bend  to  the  Start  (and  which  when  seen  from  the  sra,  at  than 
distances  from  the  coast,  might  be  easily  mintaken  for  horizontal  stn- 
I  tified  deposits)  consist  only  of  the  wa.ste  of  the  hard  lil>roui'  and  ehlo- 
ritic  rock.s  of  that  ])art  of  the  coa-st.  To  the  west  of  Dartmouth  tin 
high  slnte  hills  contain  intrusive  veins  of  greeimtone,  and  in  the  hcda 
of  debris  which  have  been  derived  from  them,  we  tut  •  tira) 

greenstone  fragments  with  those  of  the  » bite.   lutheliuii  net 

of  Torbav,  as  at  Hope's  Note,  as  alto  in  llie  Urixluuii  side,  the  "It^ti" 
is  exclusively  uf  lunestone  fragmcnta. 

Fig.  i.—Seetion  of  "  the  Head"  and  old  Marine  SkimgU  at  Tar-\ 
mnrrn.     (After  Borlaie.) 
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The  nccuiiiulutiuui  Mimii  I  luttt^  luri'  nutieed  were  lollf;  siucv  «i 
well  dcM-nbeil  by  liorlaae  in  his  '  Natiinil  IliMury  of  Cornwall,'  that 
1  raitnot  do  better  than  refer  tu  hi*  rrpreM-utatioiw  of  rli(F  tection^  | 
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most  particularly  to  pi.  9.  fig.  4,  and  borrow  a  few  lines  from  his 
account.  '"  In  a  creek  cnlli-il  Tor-niin%-en  in  the  parish  of  St.  Just, 
Penuith,  near  Cape  Coniwull,  in  the  nortli  part  of  tlie  cliif,  inserted 
under  clay  and  rubble,  are  rnuiied  horizontally  many  rows  of  large 
aiid  small  rounded  j)ohbles  of  the  granite  kind*.  The  covering  of 
the  j)ebbly  stratum  is  .'»(>  feet  on  the  north,  but  only  20  feet  on  the 
south,  consisting  of  niiigh  yellow  clay,  charged  with  targe  and  smull 
stone*,  all  with  their  anglex  on."  (p.  /(<.) 

Besides  the  tnral  character  of  this  accumulation  of  earthy  and  an- 
gular materials,  there  is  another  allied  fact  of  some  value — viz.  the 
nhsenre  of  the  slightest  indications  of  any  moving  agent,  such  as  that  of 
«  body  of  %vater  in  motion  ;  this  is  shown  in  a  very  striking  manner  in 
many  places,  as  on  the  west  of  Pendcnuis  Point,  where  the  beds  attain 
a  great  thickness,  are  coarse  and  fragmentarj-,  and  are  seen  resting  on 
a  former  upper  sea-zone  of  loose  sands  ;  these  sands  are  still  as  little 
colierent  as  if  they  liad  been  thrown  tliere  by  the  last  gale,  but  their 
surface  is  not  in  the  Icastgroovedor  eroded  along  the  line  of  junction. 

The  thickness  which  these  accumidations  attain  is  frecpiently  very 
great  ;  the  mass  described  from  Borluse  varied  as  we  have  seen  from 
r>0  to  2t>  feet.  West  of  Pendennis  it  may  be  estimated  at  nearly  .'JO 
fer-t,  and  reaches  to  20  feet  in  the  district  of  the  Prawle.  In  the 
coast  sections  of  the  Channel  Islands,  I  have  measured  it  from  a  few 
feet  to  as  much  as  -10.  .\nd  everywhere  about  the  shores  of  the  western 
entrance  into  the  Channel  it  is  of  sufficient  thickness  to  constitute  the 
line  of  low  under-clitfs  represented  in  figure  3. 

Tliese  beds  everywhere  range  inland  above  and  beyond  the  level  of 
thesea-beilson  which  they  rest  in  the  coast  sections  ;  and  this  position, 
with  relation  to  two  lines  of  definite  sea-level,  is  one  of  the  most  inter- 
esting points  in  their  historv",  as  but  for  such  intercalation  the  por- 
tions of  the  mass  extending  inland  would  be  referred  to  that  body  of 
loose  materinls  which  is  so  constantly  found  resting  on  the  funda- 
inentid  rock  strata,  and  whose  age,  but  for  this,  would  never  be  clearly 
ascertained. 

As  the  beds  which  are  here  described  are  purely  local,  it  may  be 
as  well,  before  sjieculating  on  the  conditions  under  which  they  have 
been  produced,  to  call  attention  to  the  vciy  distinct  character  of  the 
agencies  now  modifying  the  earth's  surface,  as  compared  with  those 
which  these  older  accunndations  must  have  reijuired.  The  general 
description  of  these  beds  already  given  lias  been  derived  from  coast 
Motions  ;  in  their  extension  inland,  and  to  higher  levels,  they  ])re- 
ter\f  the  same  characters,  are  earthv,  fragmentary,  and  show  a  like 
decrease  of  the  larger  fragments  in  llie  upper,  as  compared  with  the 
lower  portions.  The  uj)j)er  surfaces  of  these  masses  of  detritus  are 
now  necessarily  receiving  annuHlly  the  accession  of  materials,  from  the 
joint  operation  of  decomposition,  and  the  transference  of  the  products 
U>  lower  levels ;  hut,  as  may  be  seen  in  numerous  valley  sections,  par- 
licidarly  over  the  slate  districts  of  the  south  of  Devon  generally,  the 
distinction  between  the  coarse  angular  detritus  below,  and  the  fine 
earthy  materials  above,  is  always  distinct :  the  nature  and  scale  of 
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the  0(M-ratiuiis  now  in  progress  are  limited  to  the  co«vey«inc«!  of  ma- 
terials ui  tlie  iniiiiitcst  stale  of  suhilivisioii,  nnd  imjilv  only  the  condi- 
tions of  slow  atmospheric  di'Coni|iosilion  :  no  acceiision  of  fragmentary 
beds  takes  place  now,  nor  has  iieen  made  for  some  long  time  past. 
Sucli  a  condition,  however,  grndimlly  show.s  itself,  as  we  trace  down- 
wards the  snperfieial  accuninlations  of  the  interior  of  those  di.stricts 
whose  couKts  we  have  deseril)ed  ;  sneh  as  those  of  the  West  of  England , 
the  Cluumel  Islands,  and  the  ('oteiitin  :  we  everywhere  may  observe  a 
passage  downwards  into  beds  which  mark  a  time  when  the  degrada- 
tion of  the  surface  proceeded  nnieh  more  rapidly  than  by  the  mere 
effect*  of  decomposition,  and  when  fragments  of  rock,  and  even  blocks 
of  large  dimensions  ui  certain  Iwalities,  far  exceeding  the  moving 
power  of  any  rain-fall,  were  conveyed  down  the  very  8lo|)e8  along 
which  the  minutest  particles  of  matter  oidy  are  now  carried. 

That  the  r/rnernf  imr/aef  necumulaliona  of  the  West  of  England, 
the  Chainicl  Islands,  and  of  the  main  land  of  the  Cotentin,  are  of  the 
same  age,  for  their  lower  and  principal  portions,  with  those  which 
in  each  of  those  ilistricts  are  found  overlying  the  older  sea-beds,  is 
clearly  to  be  ascertained  by  tracing  them  away  from  such  positions, 
up  lalleys  which  oj)en  out  seawards,  and  so  into  the  interior.  In  the 
coast  section  west  of  Falmouth,  we  see  the  beds  in  question  resting  on 
iuariuc  strata  uii  to  a  given  level,  but  when  the  ontline  of  the  country 
above  such  level,  the  beds  of  angular  materials  are  still  cHrried 
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and  rest  on  the  fundamental  slate  rocks. 

I  have  already  noticed  the  local  character  of  these  accumulations, 
nnd  also  that  m  no  instance  over  the  large  area  where  they  occur,  do 
they  ever  contain  any  water-worn  fragments,  or  any  which  might  not 
reach  their  preseut  positions  if  only  detached  from  some  mass  above  : 
the  thickness  of  the  beds  of  detritus  depends  directly  on  the  elevation 
of  the  ground  with  which  they  are  connected,  as  also  does  their  frag- 
mentarv'  character,  and  the  dimensions  of  the  blocks.  In  the  Falmouth 
coast  sections  may  be  seen  an  instance,  but  which  will  occur  to  any 
observer  in  many  other  places,  which  serves  to  throw  some  light  on 
the  nature  of  the  agencies  engaged  in  producing  these  accumulations  : 
here,  at  a  place  where  the  outline  presents  so  small  a  sId[)c  that  great 
jMJWcr  would  be  reipiired  to  remove  any  coarse  materials,  we  have  on 
the  surface  of  the  rock  a  thick  mass  of  angular  fragnjents,  and  in  this, 
(be  .suhurdinatf  portions  of  the  subjacent  strata,  such  as  the  sandstone 
beds  and  ipnirtz  veins,  are  represented  by  strings  of  such  materials 
running  disconnectedly  in  lines  through  it.  In  this  and  like  cases  we 
have  the  effects  of  powerful  mechanical  disintegration,  whilst  the  re- 
sults of  the  process  have  remained  in  «Uu. 

The  white  cJays  in  the  parish  of  St.  Agnes,  those  of  Trewidnek  near 
St.  Ives,  20  feet  beneath  the  surface,  as  also  those  of  Lenant  and 
Madem,  near  Penzance,  would  seem  to  belong  to  the  sub-aerial  accu- 
mulations, from  the  evidence  of  the  section  of  the  strata  of  St.  Agnes 
Beacon.  The  uppermost  layer  of  rounded  shingle  would  in  this  case 
belong  to  the  u])per  high  sea  level  (rf)  here  dcscribetl.  The  elevation 
of  St.  Agnes,  upwards  of  4."i()  feet,  would  show  the  very  uneipial  cha- 
racter of  the  movement  of  the  land  proceeding  westwards. 
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The  accumulations  here  described  arc  esccediiijcW  well  rxhibitrd  in 
the  Channel  Ixbtiids,  and  will  be  there  iieeu  in  many  coji-  -  to 

attain  a  vai<t  thickness;  iu  »neh  caxes  there  Ls  alMrayx  i  im1 

mIkivc  from  which  the  materials  have  been  derived.     Soi  i't* 

uiipht,  I  imagine,  at  first  !>ight  be  inclined  to  eunaider  i  ica 

to  be  Himply  the  result  of  the  nurface  deeom|io»itiim  of  tlir  gratutr. 
In  tlu'de  i.<<Ianils,  however,  there  are  numerous  up|iortnuitiex  of  ol»- 
serving  the  beds  of  decomj«)Ked,  but  undisturbed  granite,  for  the  pro- 
cess liHii  iu  places  extended  to  a  gr<-at  depth  ;  theise  beiLi  thruu^hoiU 
tlu-ir  ihicknesK,  whatever  it  may  lie,  gliow  the  veiiu  and  harder 
nudules  occupying  their  natural  ))Iacesin  the  mans,  and  such  nodules, 
if  detn<-hed,  iire  globular  and  never  angular,  as  are  the  fngnieitta  il>- 
duded  iu  the  detritus  beds  with  which  we  are  now  concented  :  b^ 
•idea  this,  the  bbx-ka  when  derived  fnnn  cryslulline  rock«  havp  Ui« 
precise  angular  furni!>  into  which  snch  massen  are  naturully  joinlMl  j 
and  with  ret>|K-ct  to  the  slates,  the  fragments  have  oideutly  rttnltod 
from  a  forcible  splitting  up  of  their  planes  of  cIcHvage. 

On  such  consideratioiiN  as  the  furegiiinif,  ami  also  frnm  the  ter- 
restrial conditions  with  v«hieb  tl»>c  acrii  ■',  I 
have  pr<i)>o!<ed  to  consider  this  portion  ot  ■>•» 
as  of  null-aerial  origin  (lU-|iort  of  Ueol.  Sect.  \U~\  1^19i 
Ijunrt.  Jnurn.  (>i-ol.  Soc.  vol.  vi.  p.  '.14).  It  onl)  ■  r  nie  lo 
add,  thill  the  thickness  and  posilions  of  these  beds  are  well  rrptf- 
seuted  in  Sir  lli'nrv  l)e  la  Heche's  Si-etional  Viewn  at'  the  coast  at 
Fistnd  Hny,  New  Ijunv,  Uraunton  Harrows,  Nelly's  (.'ove,  and  brtww* 
Rose  iiiulleon  and  .Main-|>ort  ;  |{e|iort  on  Devon  and  Cornwall,  by 
my  sell',  iu  Trans.  fJeol.  Stic.  vol.  vi.  p.  HI.  They  have  iM-en  uotie**! 
by  Prof.  Sedgwick  and  Sir  H.  Mtm'liisoii,  in  a  paper  "l)n  the  raiini 
marine  l>cds  of  Uog.gj-  Point"  (Trans.  (J.  S.  vol.  v.):  "We  tbenr 
found,"  they  obm-rve,  "  that  the  top  of  this  under-dilf  was  occupuU 
to  a  depth  of  8  or  10  feet,  by  a  mixed  detritus  of  utiijular  frajpiwnta 
of  the  adjacent  rocks  euntaiued  iu  a  matrix  of  sandv  loam." 

The  jHirtion  of  the  suiierficiMl  accuniulutiitn  of  tlie  Siiaaex  «Mflt 
which  l)r.  Mantell  I  itcd  as  the  "  Elepluuit  bed"  ii  of  the 

Mime  age  and   has  '  '   inider  hke  .sub-ui-rial  conditions  with 

those  here  described,  li  puMuts  like  characters  of  snecesMtu-tiicmH(» 
ami  is  oom|>osed  of  niiiteriaU,  such  as  the  chalk-tlints  in  pnrrienltf, 
which,  as  observed  by  Dr.  Miintell,  ha>e  everv  ap|Hiirai;  I'lg 

b«-n   ex|)09ed   to   the   action  of  the  atmos|ihere  for   a    •  ilitt 

time. 

(j  1.  In  the  section  No.  4.  PI.  VI.,  and  iu  fig.  1 ,  the  U>tls  which  fonn 
the  base  of  the  vertical  cliiT  (e)  and  underlie  the  accumulations  lart 
described,  coiisut  of  coarse  marine  gravels,  shingle,  and  sands,  rntti^g 
ou  an  tuieveu  surface  of  »bitr-n)ck,  of  which  they  till  uji  all  the  i»- 
e(|ualities  :  they  corn'sjHiud  at  some  places  with  the  materials  of  ihr 
s«a-be«l  of  slight  deptlu,  and  from  this  ctjmlition  they  are  to  lie  foiuiil 
of  every  interuu-diate  stage,  up  tu  that  of  loose  nanA  of  high-wat«f 
range.  The  sca-bi-ds  uiny  in  most  coses  Ih-  followed  to  Mime  shutt 
distance,  with  a  gradual  hm-,  until  they  tnit-t  the  base  of  a  line  of  *t>rp 
•lojM-  or  clifT— the  fonuer  ixwist-liiu'  i>f  this  [Kriod  of  level ;  this  (t«> 
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Fig.  5, — Sfc/ioii    iifor 
Iniiii,  Torbaij. 


Brix- 


tiire  is  very  constant  and  distinct,  and  marks  a  permanent  level  of 
some  cuiiMdi'rable  duration. 

The  diamclfristics  oC  these  lower  sea-beds  are,  that  they  have 
Iteoomp  puii.'iolidated  into  liard  compact  niaases  of  sandstone  and  con- 
plonierate,  that  they  contain  materials  derived  from  the  grecnsaiid  and 
chalk  tbrnmtioiis,  and  that,  (reuerally  speaking,  included  marine  tes- 
lacea  are  scarce.  Most  of  the  "  raised  beaches  "  indicated  by  Sir  li. 
De  la  Beche  on  the  Ordnance  mans  of  Devon  and  Coniwnll  belong  to 
this  period  of  sea-level,  and  of  which  those  described  are  the  most 
Ktriking  illustrations;  it  mdst  not  however  be  supposed  that  they 
occur  oidy  at  the  wide  h»ter\als  at  which  they  are  there  noticed  ; 
having  visited  them  all  in  the  course  of  the  last  summer,  I  can  cer- 
tify to  the  accuracy  of  the  representations  which  Sir  II.  De  la  Beche 
bus  given. 

1  refer  to  this  period,  the  marine  beds  on  the  cast  of  Torbay  (Geol. 

Trans,  vol.  vi.  p.  -1-1 1 ).  On  the  oppo- 
site side  of  the  bay,  about  Brixhani, 
we  find  the  like  level  maintained  by 
the  beds  which  cap  the  limestone 
cliffs  (fig.  5). 

On  the  west  of  Dartmouth  we  have 
as  instructive  a  section  as  near  Fal- 
mouth. The  lower  marine  beds  of 
Plymouth  have  been  repeatedly  no- 
ticed ;  and  the  Sections,  No.  1—},  PI. 
VI.,  will  sutficiently  explain  the  rela- 
tions of  the  several  successive  con- 
ditions in  St.  Austle  Bay. 

The  lower  beds  of  sand  and  shingle 
from  Brighton  to  Roitingdean,  with 
fragments  of  crystalline  rocks,  I  would 
refer  to  this  period  and  level,  so  that 
we  are  enabled  to  comprise  the  whole 
length  of  the  English  Channel  as 
hanng  partaken  of  this  movement. 

We  have  therefore  evidence  of  a 
third  line  of  sea-level,  distinct  from  the 
fonner  ones,  which  taken  from  cast  to 
west  does  not  appear  to  be  so  constant 
in  its  relations  to  that  of  the  sea  at 
present,  and  which  was  of  sufficient 
duration  to  admit  of  the  formation  of 
sea-chffs. 

Before  proceeding  to  the  inferences 
and  comparisons  wliich  the  foregoing 
facts  suggest,  I  will  briefly  recapitu- 
late the  series  of  changes  indicated  : — 

l8t.  A  narrow  sea-zone,  former  sea-clifTs,  luid  the  presence  of  marine 
and  I'stuary  beds  where  is  now  fresh-water,  showing  a  last  rise  of 
the  land  of  from  8  to  10  feet  for  the  whole  of  the  East  Channel  area. 
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2<ul,  Sii|K-i'fioi(il  \nd^  of  saiiil,  shingle,  and  marine  shells,  i 

clc'vntion  thnii  thr  forrgoiiig. 
.'{rd.  UrrnI  iiiaMsoti  of  iletritiis  acciiinulAtcd  under  atmosplierir  agm* 

cics  nniJ  cndini;  abrii|>Ui'  at  the  former  sea-le\cl.  No.  1, 
tlh.  Marine  \ifth,  siitiJAccnt  to  the  foregoing,  aiul  attaining  an  eleva- 
tion of  from  (JO  to  7(1  fix-t  al>ovc  the  presout  sea-lrvrl. 
Such  is  a  hronii  outline  of  certain  changes,  ami  wliirh  reprcKuU 
tlie  extreme  ranges  of  sea-level,  nt  given  iletinitc  [H-riixlx,  rnthrr  than 
llie  progressive  stages  hy  which  thev  have  been  brought  alKtut.  Tlie 
< "Ornish  valley  .sections,  at  one  periiHl — those  of  wjuie  of  the  river 
vallevs  of  the  French  coast — the  ge<!tiou  ilescrilied  by  ('apt.  Jmi»«*«  ■! 
another,  might  be  maile  to  represent  trunsuioiml  oncilliit  nU 

amount  ;  but  some  of  thes«' pha'noiueun  may  also  be  HC4'  .  Iiy 

xiieh  temporary  eiiHugoi aa  are  now  produtvil  at  (lie  openmg>of  «akUe}( 
by  the  aeeniinjlatioa  of  banks  of  sand  and  shingle,  and  Uieir  inilit»> 
ipieiii  removal. 

ilavins  M  far  confined  inyacir  to  a  brief  and  chroiiolope  araoanl 
of  the  evidences  of  certain  ehangrs  of  relaiixe  levels  and  fornjcr  con- 
ditions of  surface,  I  will  now  endeavour  to  assign  to  each  its  \t\aix 
and  licaring  in  the  physical  history  of  the  newer  tertiary  |>erio«l.  In 
a  fonner  communication  ((iunrt.  Journal,  vol.  ri.  p.  Ksj  I  have  given 
Home  reasons  for  consitleriug  the  oMetit  marine  h<'<ls  here  noticed 
(1,  I,  I,  I,  in  Section*,  I'l.  VI,)  as  rel'ernlile  to  the  pU'i»tocrnr  ]Mrriod 
of  Sir  L'hnrles  Lyell.  By  "  pleistiMTne,"  however,  I  woidil  mrr»*ly  he 
inuler.'itiKHl  lo  menu  genenilly  the  (u-riiHl  which  is  mnrked  by  the  (irsS 
<ip|H'HraiK'e  of  a  northern  marine  fiuina  in  sea-beds  in  our  latitude*; 
or  if  this  term  is  to  Ih'  extended  to  the  whole  of  that  |M-riiMl  which  is 
•nbsctpienl  lo  the  lirst  appearaiuv  of  such  marine  forms,  I  shall 
4i)denvour  to  show  that  it  was  not  one  either  of  transitory  ditratiun,  or 
of  one  uniform  set  of  geological  rvsnlls;  that  although  the  me^-hanical 
efli-eiA  or  proiluets  of  gixen  areas  of  sea  may  Im'  inconsiderable  whea 
eompaml  willi  (he  formations  of  ohler  jteritMls,  yet  that  the  chan{(cn 
uliieh  followed  the  re<l  and  coralline  crag  period,  indicate  more 
couirastiug  eondiiion»  iu  (ihysieal  geography  tnan  those  of  aajr  odicr 
|HTi(MJ  with  which  we  are  at  present  actpiaiuled. 

It  is  however  much  to  l>e  ho|U'd  that  the  term  Pleistocene,  a<  wd 
as  its  kinilred  sultdivisions  of  the  tertiary  |H-rio<l,  will  ere  long  datHf- 
liear  from  our  geological  nomenclature. 

The  sea  which  aceumulated  the  red  and  coralline  crag  esteisird 
over  and  had  its  Umil«,  ou  one  side,  on  what  is  now  part  of  the  laud  of 
Katt  Knglnud,  with  a  much  wider  range  oter  that  of  the  cuntiiu-nt uf 
Kiiiopf  on  the  other,  tlins  iiidieating  the  existence  at  that  lime  uf  an 
nni'iiiit  of  depresiioii  over  the  Gennaii  Sea  area  which  the  are*  ot 
1 1  !>  I'hanuel  had  not.      If  any  beds  of  the  age  of  thoM  in 

•  I  lUT  in  the  valhy  of  the  ('hanm-l,  it  can  only  be  at  ooan- 

)''  i>lhs  htiwth  the  present  fea-lcvel,  otherwise  s<ime  oftiie 

i  :  '  would  nceenuilv  be  ooeasioimlly  washed  up;  we  have 

■ingle  laet  at  prewnt  to  leml  us  to  suppiiHe  that  licils  ol  this  ago 
Umtt  at  all,  wliiUt  many  other  coiuuleratiunx  tend  to  n-fer  the 
of  the  English  ChauiH-l,  during  this  period,  to  the  cundititHi  of  drr 


I 


< 


11861. 


AUSTEN  ON  THK  PLKISTOCENE  PERIOD. 


I2i) 


I 


loud.  In  making  this  st«t«nieiit  it  is  necessary  to  add,  that  I  of 
course  refer  the  marine  beds  of  the  Cotentin,  at  Caraiitan,  to  the 
period  of  the  lower  marine  beds  of  our  own  western  coasts,  and  am 
quite  prepared  to  find  in  tlicm  the  same  amount  of  specific  peculi- 
arities which  the  testacc-ous  fauna  of  that  side  of  the  Channel  now 
presents,  as  compared  with  that  even  of  our  western  coasts. 

As  yet  we  possess  no  sure  guide  towards  determining  the  condition 
of  the  surface  area  of  the  red  and  cornlUue  crag  subsc-queutly  to  its 
completion,  and  prior  to  that  indicated  by  the  mammaliferous  crag 
and  its  equivalents,  for  which  latter  i)eri()d  the  relative  position  of 
land  and  water  is  sufficiently  clear.  The  outUne  of  the  surface  of 
the  Elastem  counties,  as  to  hues  of  drainage,  had  been  imparted  prior 
to  the  |K"riod  of  the  Norwich  crag,  inasmuch  as  the  fluvio-marine 
|>ortion8  of  this  formation  (which  are  simply  the  indications  of  the 
places  where  rivers  discharged  uito  the  sea)  occur  at  the  lines  of  the 
present  drainage. 

1  propose  to  consider  the  older  sea-beds  (Sections,  PI.  VI.  1,  1,  I,  1.) 
of  (he  western  |)orlioiis  of  the  English  Channel  area  as  of  the  same 
age  as  the  Norwich  or  mammaliferous  crag,  a  view  which  will  be 
found  to  be  in  perfect  accordance  with  the  conditions  intlic-alcd  by 
their  marine  faunas,  as  abso  with  the  relative  places  which  both  sets 
of  aecunudations  occu])y  in  a  wclt-raarked  series  of  oscillations.  The 
lowest  sea-beds  of  the  Uristol  Channel  valley  will  represent  this  ])eriod 
of  level  in  that  q\iarter,  when  the  sea  may  liavc  reached  inland  to  a 
considerable  distance,  for  the  beds  at  Kempsey  are  most  probably  of 
this  age. 

In  this  we  have  an  outline  of  land  and  water  very  similar  to  tliat 
which  is  presented  at  present,  as  regards  the  relation  of  the  South 
and  East  of  Engloiul  to  the  continent. 

Next  in  ascending  chronological  order  we  have  the  accumulations 
escribed  as  tlie  necessary  results  of  sub-aerial  eoiulitious ;  and  from 
the  vast  thickness  which  these  masses  prcscut,  along  lines  to  which 
thev  have  bwn  cut  back  by  a  former  sea-level,  it  is  clear  that  they 
must  at  one  time  have  had  a  very  considerable  extension  seawards,  or 
tliftt  originally  they  were  carried  on  beneath  the  water-level  by  which 
they  have  thus  been  cut  back.  This  implies  a  former  elevation  of 
the  land,  witli  relation  to  the  highest  ujiward  range  of  the  oldest 
sea-level  (e.  Sect.  4.  PI.  VI.). 

The  most  interesting  inquiry  which  these  sub-aerial  masses  suggest 
is  that  of  the  absolute  amount  of  the  elevation  which  this  region  then 
acquired  :  with  respect  to  this  point  many  general  and  local  consi- 
derations afford  us  data  for  very  reasonable  sujipositions,  some  of 
which,  however,  I  do  not  projKise  to  refer  to  at  present.  In  nearly 
all  the  sections  to  which  I  liave  called  attention  we  can  distinguish 
the  results  of  the  meteoric  agency  of  the  present  period.     The  com- 

isition  of  these  beds  shows  that  the  transporting  power  is  exceedingly 
united.  In  the  older  sub-aerial  accumulations,  on  the  contrary,  we  have 
eridences,  as  already  shown,  of  power  suflieient  to  detach  great  blocks 
from  the  jointed  masses  of  older  rorks,  to  break  np  the  fissile  slates, 
and  to  accumulate  the  sharp  and  angular  detritus  in  lower  jtositious. 
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Tlu'9L-  j>lia-iioii)ena  so  pxnctly  nreoril  «rith  whnt  iit  Ui  bcubMrrvetl  in  all 
regions  of  cxci'ssivc  tein|icraturfs,  whetlicr  n-sultiiig  J'miu  gfu^raphical 
(tusition  or  from  alfitiuK- — (licy  are  no  totally  bfvuiiJ  thf  (>o«iTof  «nt 
present  agencies,  that  it  xeeins  abiwilutply  tie<-e!<!>Ary  lu  call  iti  the  ope- 
ration of  cold  to  a(k'(|nRtely  account  for  tlicni.  Many  contideralMn 
0]i|>ose  the  possibility  of  low  teinperntun's  aloiif;  the  (larallel  of  50^ 
N.L.,  whence  these  observation!!  have  Wen  derived,  and  the  oaly 
physical  condition  which  1  can  iniai;ine  HUlficient  to  account  W 
the  fragmentary  delrilii!>  f^-neraily  uf  the  whole  of  llio«v  aiVM  fifOB 
which  I  have  borrowed  illu;>t rations,  is  that  of  an  elrratiim  of  frmt 
amount,  such  iii  woiilil  pluee  t/iif  whole  ii/'  f fir  hiyher  purtioK*  of  tkit 
cuiintnj  in  rryions  uf  rrregsire  cv/il. 

It  can  hardly  )><■  necc>>iMiry  to  adduce  proofii  from  those  ohwrwra 
who  have  described  the  frapnientary  distintpgnition  of  rookx,  aj»cl  tht 
production  of  vast  masses  of  angular  debris,  under  the  intlueoce  of 
Al}>ine  or  northern  cold  ;  snch  facts  are  familiar  to  geolugisl»,  atul  1 
would  only  refer  to  the  observations  of  l*rofess<jr  Liehig*. 

In  the  cause  here  proposed  as  sutiicient  to  account  for  these  oU 
sub-aerial  accunndations,  I  revert  to  one  which  I  ventured  to  vug- 
gest  many  years  ago  with  respect  to  the  fractured  and  fragtueulanr 
masses  to  be  found  on  the  suinniits  and  upjier  slopes  of  the  klaic 
districts  of  the  West  of  England f.  1  there  stated  that  the  on^ 
agent  powerful  entnigh  to  separate  aitd  break  up  the  latniuK  mm 
that  of  excessive  cold.  This  view  is  (piite  distinct  from  the  popakr 
oue  Bubt>e<^uentlv  proposed  by  M.  A(^nssi»  of  a  "  |MTiiHl  of  coUl "  or 
"  glacial  period.  '  A  period  of  j;reat  elevation,  and  cM i-mling  o^ff  • 
wiilc  European  area,  would  explain  a  long  scries  ot  itonMm. 

about  which  much  obscurity  yet  bangs,  but  on  tli'  ratioo  a/ 

which  we  cannot  enter  iu  a  communication  limited  to  an  aocoont  of 
the  superficial  de|Misits  of  tlK'  English  Cluuiuel.  As  we  are  forced 
to  ailmit  that  |>ortioiis  of  the  sedimentary  strata  of  imr  island  fa«?r 
at  times  been  depressed  some  thousands  of  feet  beneath  the  s<*a-le«tL 
at  others  they  may  have  been  placetl  a.s  high  above  it.  Such  a  path 
pi>siti(ui  Lh  in  p<'rfect  nccordiuice  with  all  that  geoU^-  teaches,  nr 
uu)re  so  than  any  imaginary  secular  period  of  cold,  uependenl  oo 
a«trouoinicnl  change j. 

The  time  allowed  for  communications  (o  our  evening  tncetingii  wOl 
not  admit  of  the  intriHlnctiou  here  of  those  proofs  by  which  it  euoU 
be  shown  that  the  sub-ai'rial  glacial  phmiiomena  of  the  whole  of  cor 
British  islands  are  synchnnious  with  this  period  of  elevation  :  in  ae- 
cordaitrc  with  this  sup|)ositiuu,  the  perio<l  of  the  glaciers  of  Great 
Hritain  and  Ireland  was  simply  oue  when  the  mountains  of  M'ales, 
the  Cheviot*  and  (irampians,  the  mountains  of  Wicklow  and  KefTT, 
iiit.iiued  an  Alpine  eh'vation  ;  it  wa'<  from  such  soun-os  that  the  riTrr* 
liiiil  their  origin,  which  carried  down  the  volumes  of  water  which  the 
bn-oillh  of  their  fonner  cimnics  «-em  clearly  to  indicate.  This  roodt- 
tiun  uf  tilings  was  not  coutiued  to  our  own  limited  area  i  inanr  jrm* 

*  lljF  illrRUoa  «4>  ralM  lo  thi>  reffrmet  sfl«  Ihc  rT4>llNg  uf  Uti*  |«^  I9 
Hr.  Lvtia  I'U)Imi  ;  lh«  r<l.  »  Ihr  \ini\. 
t  ittat.  Cijo*!.  Soc  vol.  «i  p   1.^7. 
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Bnc«,  when  exaniiniug  the  broad  alluvia  of  the  Ithiue  uiid  Rhone 
ralleys,  anil  speculating  on  llie  moving  power  and  depths  whieli  these 
river*  must  then  have  had,  I   recorded  tlie  impression  that   ))ariillel 
cinditious  could  only  be  found  at  ))resent  iu  tlie  upper  courses  of  the 
Teat  rivers  of  northern  India,  and  that  the  range  of  the  Alps  n)ust 
one  time  have  had  an  elevation  equal  to  that  of  the  Hintalayas. 
The  only  remaining  point  connected  with  these  sub-aerial  nccuinu- 
Htious  to  which  I  shall  call  attention,  is  that  of  their  horizontal  or 
cemingly  stratified  arrangement.    This  character,  which,  though  very 
Dbvious  at  short  distances,  is  hardly  so  when  close,  results  from  the 
oUection  of  larger  blocks  and  angular  fragments  at  successive  leveb, 
IS  if  the  agencies,  whatever  they  may  have  been,  which  have  con- 
'  curred  in  producing  them  were  unequal,  or  greater  at  one  time  thau 
at  another  :  from  the  pre])onderanee  of  coarse  inateriiil;!  in  the  lower 
portions  of  tlii'se  masses,  we  may  also  infer  that  they  were  greater  at 
Uie  commeneenient  of  the  sub-aerial  conditions  than  towards  its  ch>se. 
Of  lliis  period,  80  distinct  in  its  physical  features,  we  know  some- 
what of  the  vegetation  and  the  terrestrial  fauna, 
^ft      Ou  the  west  of  the  island  of  Guernsey  is  an  area  occupied  by  peat- 
^■beds  and  the  stools  of  trees,  and  which  by  means  of  pond  aecuinu- 
^■lations  are  connected  with  the  sub-aerial  ueeunmlations ;  these  beds 
^Ktire  the  higher  portions  of  what  forms  the  submerged  peat  and  forest- 
^Bground  of  V'azon  Bay.     In  the  same  island  trees  lie  buried  in  the  sub- 
^Vai-rial  mass  :  in  sinking  a  well  throiigh  these  at  St.  Pierre,  after  tra- 
versing 30  feet,  the  workmen  reached  what  they  snjiposed  to  be  the 
solid  granite  on  which  it  rested  ;  the  work  was  continued,  when  the  ob- 
struction was  foimd  to  be  a  large  block  included  in  the  superiicial  beds ; 
■  Leiieuth  it  was  the  stem  of  a  large  tree  which  had  to  be  cut  through. 
St.  Owen's  Bay  iu  Jersey  presents  the  sanu'  features  as  that  of  X'azou 
in  Guernsey*. 

The  contents  of  the  sub- aerial  be<l8of  our  own  side  of  the  Chaimel 
long  i'hwf  attracted  attention,  Borlii.se  notices  the  remains  of  land 
animals,  and  as  a  proof  of  their  great  antiquity,  he  states  that  the 
horns  of  the  deer  had  become  brittle,  and  ilissolved  readily  iu  vinegar. 
In  Torbay  the  submerged  forest-grouml  is  apjiarently  coextensive 
with  the  whole  of  that  area,  of  which  a  continuous  portion  extends 
inland ;  the  animal  remains  of  these  beds  have  not  as  yet  been  suffi- 
ciently made  known  by  those  who  have  become  possessed  of  them  ; 
their  dark    colour   and   well-preserved  cunilition  easily  distinguish 

■  them  from  the  fractured  and   bleached  specimens  derived  from  the 
caves  Buil  fissures.     The  horns  of  deer  have  from  their  size  and  ob- 
vious nature  attracted  most  attention.     Bones  of  great  size  also  occur, 
^_and  the  Museum  of  Natural   History  of  Torquay   contains  a  fine 
^■inolar  of  an  elephant,  dredged  up  by  a  Brixham  trawler  at  the  en- 
^"tnuice  of  the  bay  t.     These  remains  are  of  nmch  interest,  as  they 
serve  to  comiect  the  age  of  this  submerged  forest-ground  ami  the  sub- 
fterial  beds  with  which  they  are  connected,  with  the  |)erio(l  of  the  ani- 
mals whose  remuins  occur  in  the  caves  of  the  adjoining  district. 

•  Vide  Skcic'li  of  Cicoli>j:y  of  rimiiiifl  I»l.mil4.  Rrp.  Uril.  X^wv.  IH  l!l. 
t  Prof.  Dwi'ii,  (o  wt)iMn  I  itluiwcil  ilie  «|m-iniiMi,  informcil  niv  ihut  t(  wim  » 
I  niolu  /roiii  the  lower  jaw  of  Elriiliiu  iinimgenitu. 
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The  facta  recorded  br  Dr.  Moore  *,  and  wliicb  I  had  aii  opporttt- 
uity  of  nolirinp,  are  of  much  interest :  he  dbtinetly  stali'v.  what  «u 
|>erfectly  clear,  that  the  remains  of  tlie  u-^cnJ  nniiiiala  (rlft>)iaau 
rhinoceros,  deer,  bear,  &c.)  occum-d  "  ou  the  top  of  the  lienfii,  and 
uot  in  it."  These  remains  also  occurred  in  the  liraestoue  brvccia  (id 
Hult-aerial  origin)  which  tilieii  the  fi<Mure!»,  ami  which  in  other  pbm 
overlaid  the  older  marine  l)eds.  I  do  not  adopt  Dr.  Moore's  tiffttn- 
latious  aa  to  the  s]>ot  (the  Hue)  having  fonuetl  an  i«land  at  low  water 
when  the  land  sto<Kl  at  the  level  uulieateil  by  the  marine  brd^,  to 
which  animuls  may  have  cArriwl  their  prey.  Had  tlir  nuin< ! 
inaltt  whose  remauis  occur  there,  lived  on  the  land  ailjuiiin  . 
beach,  tiieir  remains  would  hiiriUy  have  m-eurriHl  solelv  on  the  top. 
The  series  of  chan';es  recorde<l  at  I'lyinouth  is  just  sueli  as  has  ln-cn 
recorded  at  other  places  along  the  coast : — 1st.  A  lower  scrica  of  nia- 
rinc  beds.  2ml.  A  great  elevati<in  of  the  lanil,  when  tlio  tlry  liiiM>- 
stonr  ranges  becamu  a  favourite  haunt  of  niimeroux  animals,  ^inl.  Ita 
depression  to  a  level  rather  higher  than  its  former  one,  when  aoeh 
nnmial  remains  aa  occnrri'd  on  the  surface  would  btfome  included  in 
the  mass  of  materials  rolled  «b<iut  im  the  Ix-Bcb.  The  eetatx'ao  «•• 
mains  U'lon;;  to  the  second  jieriod  of  sea-lcvrl,  tlu>se  of  laud  animalt 
to  an  nntee(>dent  one.  The  sea-level  and  its  eliifs,  with  the  older  wt%- 
beils.  now  mostly  reniove<l,  was  much  below  the  position  of  llie  looae 
strain  with  rolled  lionet. 

There  is  another  consideration  couple<l  with  that  of  lerehi  whiei 
eonnivts  the  |ieri(Hl  of  the  lar|^  mammalian  fauna  of  this  part  of 
England  with  that  of  (be  bi|;hcr  eievati(m  of  ibis  district  herein  ii 
dieatfd,  IVrtain  caverns  in  which  the  numerous  remains  ufi 
have  been  found,  occur  at  low  levels,  such  as  the  caves  of  Ye 
and  Tonpiay  ;  the  lowest  portions  of  this  last  present  no  m 
lations  nf  stnlapnitef  ;  we  hnd  only  clay,  including  and  eorrrinK  ( 
I  surfaces  nf  limest<ine  :  (be  animal  remains  do  not  eitend  to  the  wiMlk  ] 
thickness  of  the  elay,  but  ot'cur  in  (he  upper  portion.  Sub 
to  the  accnnndation  of  the  remains,  the  cave  wb«  evidently  < 
br  water  ;  and  lastly,  the  thick  tfooring  of  stnlagniitr 
At  the  period  of  the  older  s«-n-level  this  cave  would  !>«•  i 
water,  when  no  atalagniite  would  form  ;  at  that  of  great  elrv 
ocenpalion  by  animals,  as  well  as  the  eircums(aniv  tlut  a  lin 
ouus  so  placed  would  uot  become  overeharp.'d  with  ni' 
also  be  unfavourable  to  its  acciunulation  ;  ui  cases  in 
new  stalactite  idune  forms.  Tlic  next  sul)se<|Uen(  sei^levrl  iHMtlJi 
till  (he  cave  with  ua(er^,  and  it  is  only  at  the  levels 
this  that  the  Hixiring  of  Ktalat^mite  could  jHissibly  have  formed. 

If  we  now  compare  the  conditions  n-cordwl  in  the  area  of  the  Noftk 
Sea,  subse<|ucntly  to  the  accumuLuion  of  the  beds  of  the  Nurwidi 


•  Bayi.  tt  Brit  AtMW.  \»i\.    Proc.  Geol.  Soc.  toI.  iiL  p.  &a9. 

t  laodeedtlibiket  iaakhoit  icfountof  Keni'tCare(Tm)t.GcoLSac«gLii 
p.  44  4),  and  1  And  It  oonirmni  lu  Mr.  .\l'Kurr>'>  arcouat  of  his  raaaatckM  ia  dM 
MiBv  |il*er.  Mr.  M'Baerj't  MSS.  lute  |Maacal  lulu  ib«  [KiimriMi  of  Mr.  M 
MtUii,  liy  whimi  a  iHirtioa  bat  bam  |wililitliwl 

;  Thii  wMrr  wuulil  not  b«  dari*«d  tram  tha  aiai  but  thai  which  wonU  i 
at  all  iaiaad  |4aMt  al  or  beacalk  Ibt  iai4mtL 
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■L'rag,  with  Uiosc  which  the  English  Channel  area  has  licre  prewnttHl, 
'  a  like  oriler  of  physical  conditions  in  both.  The  Ix'iht  of  tt-r- 
'  origin  at  Uunton  ami  Miuidcsiey,  on  the  norlh-casl  i-ouat  of 


Fig.  C— Profile  of  Cromer  C/ijf  (February  182J. 
R.  C.  Taylor.  Esq.). 
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orfolk,  show  the  conversion  of  an  urea  previously  covered  by  the 
aters  of  the  early  pleisloeene  sen  into  that  of  dry  land,  with  aiib- 
lordinale  alhnial  ami  freshwater  deposits,  the  whole  covered  by  beds 
of  marine  origin  (a  second  stage  in  the  j>leistocene  period),  and  jiassiiig 
beneath  the  pres»'iit  level  of  the  North  Sea*.  Mr.  Trimmer  states 
that  the  mnminaliaii  reiimins  {elepliaiit,  deer,  »S:c.)of  this  part  of  the 
ciwst  are  derived  from  (he  .sub-aerial  surface,  and  that  local  collectors 
■give  like  testimony  t-  This  view  I  consider  to  be  the  correct  one,  and 
that  all  the  remains  iif  animals  found  in  the  overlying  till,  have  been 
dcriv<-d  in  ever>'  instance  from  p(jrtions  of  the  expanse  of  that  former 
terrestrial  surface.  If  we  c(m]ile  these  considerations  with  what  has 
been  In-fore  stated  resjH-cting  the  broad  nlliiviii  of  our  former  rivers, 
and  their  relation  to  the  thirk  sub-nerial  aeeumulations,  and  also  bear 
in  mind  that  similar  conditions,  and  in  like  order,  are  presented  on  the 
iip]R)site  sides  of  the  two  areas  of  sea  which  now  insulate  this  country  ; 
we  may  safely  assume,  as  an  ascertained  point  in  the  jdiysical  geo- 
graphy of  a  part  of  the  pleistocene  period,  that  at  a  time  subsequent 
to  the  sea-level  indicated  by  the  Norwich  Crag  and  its  equivalents 
(and  at  that  of  greater  «ub-acrial  elevation),  this  island  formed  part 
eimtinuously  with  the  dry  laud  of  the  Continent  of  Europe,  of  which 
tract  it  then  formed  the  western  portion.  It  was  during  the  conti- 
nuance of  these  conditions,  and  which  it  is  clear  must  iiavc  been  of 
jcreat  duration,  that  the  great  mammalian  fauna,  buried  in  caverns, 
ancient  lakes,  and  alluvia,  attained  its  numerical  maximum. 

When  the  whole  of  the  Gennan  Ocean  was  thus  raised  into  dnr 
land,  the  course  of  the  Rhine  must  have  been  continued  northwanis 

•   Taylnr  was  tlic  first  to  point  mil  llii*  former  terrestrial  iiirface. 

t  t»iitlic  Cicolof)  of  Norlolk,  Jdurn.  AgriciUl.  See.  vol.  vii.  p»it  2.  p.  459. 


134 


HilOCCI.DINGS  or  THK  UKULUCICAL  SOCllCT%.       [Jl 


throuf>]i  it,  will)  dimensions  pro|)ortii)iiatc  to  tlic  i)f|ith»  inilimtnl 
llie  alliiviii  in  the  higher  parts  of  its  eontineiilol  count',  aiiJ  to  tli 
■u^cestiioiis  it  wuiilil  receive  from  all  those  rivers  which  uuw  ihacfa 
into  the  North  Sea.     It  nii-i  on  tlie  banks  ol'  tliis  vast  river  auil* 
islands  that  tlie  herds  ot'  eU-phants  lived,  whose  reniuins  are  smj  I 
(lant  and   perfect  beneath   the  waters  of  the  German  Oonui^ 
adopting  the  line  of  greatest  depression  aloni;  tliiii  area,  we  ma^ 
now  couiecturally  trace  the  course  which  tliis  ri\er  llien  had,  i 
will  be  found  to  eorres[>ond  in  a  ver\'  reniarkabh-  mninier  with! 
alonp  which  the  large  mainnialian  remains  have  occurred  (SceJ 
PI.  VII.). 

At  this  tune,  and  in  conformity  with  what  many  other  i 
tions  would  lead  us  to  expect,  we  find  a  wide-spread  coniferoojl 
tatiou  extending  itself  across  the  whole  of  the  liriti^h  tsb 
the  coast  of  Norlblk  to  tliat  of  I'ardignn,  consisting  of  Pinyjutyl 
and,  wliat  is  more  interesting,  of  the  Ahir»  ejrerl*a*,  from  tlir 
of  which  tract  the  latter  afterwards  disapp-ared,  until  rc-intnn 
by  man.    This,  however,  was  not  the  cast-  with  the  I'inu*  #y/i« 
which  ap]H-ars  to.  have  lived  on  over  t)ioi>e  northern  |xirtioiu  of  ( 
islands  which  were  not  submerged.     Frtnn  the  Orkney n,  where  at  | 
sent  no  trees  can  grow,  to  the  area  of  the  Knglish  (.'Imnnel,  we 
former  like  extension  of  coniferous  trees,  rooted  in  iH'dn  paaalng  I 
neath  the  existing  M-a-level.      It  iv  with  the  growth  of  the   Kon 
spruce  tliut  the  large  mumtnalia  were  contemporaneous  in  the  iJMti 
bnglaud  ;  and  we  hu\e  learned  from  the  intestigulions  of  Pruf.  Ov^ 
(Fosnil  .Mammalia,   Introduction,  Table,  p.   xlvi.)  the  very   cat 
fact,  liiat  at  the  same  time  the  Rciu-decr  aud  the  LAgoniys 
into  the  gouth-westem  counties. 

The  westward  extension  of  tliis  former  area  of  land  may  \* 
have  bad  some  rektion  to  the  greatest  amount  of  elevation  it 
had,  ns  eoinpored  with  what  it  has  now.  The  highest  |K)rtiona  ( 
the  Uartm<xir  range,  so  far  as  I  have  bo-n  al)le  to  asoertain,  affa 
«'videnc<-s  of  ancient  glaciers.  The  greatest  elevation  of  this  l 
now  is  2000  feet ;  while  all  the  Hritbh  ranges  which  afford 
table  proof*  of  gucJi  niasM-s  have  at  j)rescnt  an  elevation  cor 
iu  excess  of  this.  An  extension  of  the  land  to  the  distance  of  \ 
remarkable  line  of  sudden  tlepresaion  which  occurx  at  'JOO  fat 
(Quart.  Journ.  Oeol.  Soc.  vol.  vi.  p.  8())  woulil  place  the  area  of  I 
llritish  Islands  under  physical  conditions  sut)icient  to  satisfv  all 
observed  phzenomena  of  a  tonner  iiennanent  snow  line  antl  hr 
rivem.  In  a  paper  to  which  this  is  iiartly  a  se«piel,  1  have  air 
(loinled  out  S4jme  euiL-'ideralions  whieli  nnply  former  littoral  coiiditii 
along  thii  line.  To  th«'»e  may  lie  aiLled  a  very  remarkable  fart 
eordiil  by  <"a|it.  .Martin  Whvte,  in  his  'Survey  of  the  Vm^ 
ClianiK'l,'  aud  which  adds  great  weight  to  the  conjecture  of  an  rs| 
•ion  of  the  land  tspjal  to  what  is  here  a.s9ume<l,  that  I'nio  pie 
wai  brrMight  up  frtini  .'lO  and  lUO  fathoms  water,  in  N.L.  -1^ 
W.L.  9"  •>',  and  hi  N.L,  ..r  iM',  W.L.  W*.  fourteen  miles  from  i 
nearest  land  (scr  Map,  PI.  YII.). 

•  IL  Br«>wn, 
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In  the  English  ChauucI  area,  as  we  have  seen,  there  are  evidences 
of  two  distinct  levels,  as  com]iarcd  with  that  of  the  sea  at  present : 
the  most  recent,  or  that  which  formed  tiie  vertical  coast  line  (r,  fig.  1 ) ; 
the  other,  or  that  of  the  high-level  siiiuls,  shells,  and  shiugle.  This 
last  I  would  refer  to  the  period  of  the  greatest  depression  of  the 
uorthern  portion  of  the  British  Islands  during  the  pleistocene  oscil- 
lations. This  movement,  which  commenced  on  the  north  and  extended 
progressively  southwards,  was  one  to  which  certain  areas  in  the  south 
of  these  islands,  dependent  on  E.  and  W.  SLxes,  were  not  altogether 
insensible.  These  areas,  as  I  have  shown  (Quart.  Jouru.  Geo!.  Soc. 
vol.  vi.  p.  91),  formed  a  range  of  insulattMl  lands  during  the  whole 
of  that  period,  ami  seem  as  it  were  to  have  been  the  hinge-line  of 
that  remarkable  depression.  That  movement,  which  affected  this 
line  itself,  was  the  latest  in  j)oint  of  time,  and  the  least  in  amount ; 
and  it  was  then,  whilst  the  whole  Northern  hemisphere  was  one  wide 

» expanse  of  sea  from  the  line  of  N.L.  51",  that  the  true  whales,  whose 
presence  is  so  constant  in  the  higher  marine  accumulations  of  the 
Channel  (Peutuan,  Plymouth,  Ouze,  Wye,  Sonnnc,  &c.),  ranged 
freely  into  these  regions.  The  low  temperature  of  this  region,  then, 
was  the  result  of  the  wide  extent  of  the  Northern  Ocean. 

We  obtain  a  measure  of  the  low  temjierature  of  this  period  of 
rcatest  depression.  Coast  ice  imist  have  formed,  occasionally  at 
least,  as  low  down  as  around  the  E.  and  W.  line  of  unsubniei^ed 
ilaud,  as  we  can  imagine  no  other  means  for  transj)orting  the  large 
rocks  of  samlstones  which  occur  in  the  deep  .shuigle  on  the  north  of 
the  Wealden  area  (see  Quart.  Jouru.  Geol.  Soc.  vol.  vi.  p.  89).  Mr. 
Nicol  has  called  attention  (Quart.  Journ.  Geol.  Soc.  vol.  v.  p.  20)  to 

»fhe  curious  fact  that  the  pleistocene  mud  of  the  Valley  of  the  ("lyde 
contains  imbedded  angular  patches  of  sand.  The  explimation  I  believe 
to  be  this :  on  the  breaking  up  of  the  coast  iee,  portions  of  the  mar- 
ginal /.one  of  sauil,  also  frozen,  would  Ije  floated  away  with  the  blocks 
of  ice  ;  as  the  ujiper  surfaces  of  these  thaucd,  the  lower  and  charged 
portion  would  sink  ;  and  if  this  ha[>pened  over  a  sea  bed  of  soft  nuid, 
they  would  bury  themselves,  and,  being  imbedded  in  the  till,  would 
preserve  their  angular  forms  when  the  particles  of  sand  were  no  longer 
^^  held  together  by  ice. 

^B      These  depressed  latitudes  again  rose  uito  the  conihtion  of  dry  land, 
^"  of  which  the  extension  was  much  greater  than  that  of  our  present 
limits,  and  included  large  portions  of  our  surronnihng  seas.     The  di- 
stinctive features  of  this  period — the  jiassage  from  jileistocene  to  pre- 
sent conditions — though  one  upon  which  much  has  been  written,  is 
still  one  on  which  ven'  much  remains  to  be  done,  and  which,   if 
attempted  here,  would  require  more  sjiaee  than  could  he  well  allowed. 
Bv  the  accomttanying  table  1  have  endeavoured  to  obviate  the  detail 
aiul  repetition  ot  many  known  facts,  which  would  have  been  necessary 
had   I  attempted  to  describe  those  changes  and  deposits  which  in 
adjoining  are«s  I  consider  to  be  generaUif  synchronous  with  those  of 
the  English  (.'hannel.     It  shows — 
I  That  several  areas  have  continued  as  dry  laud  from  times  anterior 

^K  lu  tlie  oldest  ('rag  deposits. 
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That,  with  respect  to  movements  of  the  e*rth'i  crust  in  this  I 
during  a  jKritKl  which  gcolfjgists  have  njjreed  to  coi»«iJcr  aa  ( 
indivisilile,  the  o^-illatiuns  have  been  jtreat,  Imfli  i>f  ilcjir 
elevatiuM,  and  that  there  hna  iMtti  at  several  disitinct  |M-riods  i 
stant  return  to  a  level  very  near  the  prestmt  one.    The  i^reatnt  i 
of  elevation  and  depression  does  not  seem  to  have  hcen  nnifq 
marked  line  of  E.  and  W.  physical  structure  has  hren  li'ast  nff 
during  the  jH'riod  of  the  greatest  extension  of  the  Northern 
amount  of  depression  seems  to  have  proceeded  at  a  unifbr 
grcssive  rate  from  S.  to  N.,  whilst  with  re9|iect  to  the  niaxii 
elevation  the  inerenae  was  from  E.  to  W. 

These  former  levels  are  to  a  gn-at  cxftiit  independent  of  tlie  \ 
relation  of  land  to  sea  :  the  external  eontiguration  of  the  tiMint 
ohvioiuly  been  ac(|uire<l   prior  to  any  of  the  !iucti'~ 
which  have  Ixm  here  dfscril»e<l ;  an<l  the  leiel  of  ti-. 
de|K>sits  of  the  South  of  England,  which  rise  to  a  line  ol'  ;mIO  ' 
a)>ove  the  sea,  is  simply  tiie  result  of  the  last  adjuslnK-nt  wliirh 
taken  place,  and  by  which  former  inci|iiulitie«  liave  Itcmi  placed] 
connnuu  relaliuu  to  the  earth's  curvaturv. 


>URN.  Okol.  Soc.     To  face  p.  136. 


PPER  TERTIARY  Si 


Thames  Area  and  Tributaries 


Continental  equiTalent*. 


1. 


ift :  effects  of  coast  ice  alol 
utline  of  Wealden  area. 


a.  ThecontinentalequiTalentsofthis 
period  are  common,  from  the  coast 
of  Denmark  to  that  of  Belginm. 

/3.  Ditto. 

Drift  generally  spread  over  N.  Eu- 
rope as  low  as  50°  N.  Li^.  (Betg- 
haui*). 


Ivaerial  detritus  of  Wealdof 
:rict. 


Wide  alluvia  of  Thames  a; . 
nd  Brentford  (Morris).  M< 
lole,  Wey .  Lower  marls  of 
ury. 

Old  terrestrial  surface,  wilk 
re  skeletons  of  El^has  pr 
ius  beneath  drift.     Peasel 
etteridgc,  &c. 


;  outflow  of  the  waters  ,of 
hames  into  the  Crag  sea  jhe 
?arlv  the  same  level  as  at  p^e 
xt  the  volume  of  water  wa^ 
•eater. 


3.  Greatest  elevation  of  the  Alps,  Tos- 
ges,  &c. ;  also  Pyrenees. 


a.  Broad  alluvia  of  Rhine,  Rhone, 
Seine,  Loire,  and  all  the  conti- 
nental rivers. 


/3.  Rhine  and  affluents,  continued 
northwards  along  bed  of  present 
German  Ocean. 


4. 


•  Thjtial  Atlu,  1834. 
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AcAoiMiE  Royale  des  Sciences  do  Paris,  Comptes  Rendiu  de  I*. 
Tome  xxxi.  nos.  18-21,  Deux.  Sem. 

Ag^culturnl  Society  of  England  (Royal),  Journal.  Vol.  xi.  part  2. 
no.  '26. 

American  Journal  of  Science.     Second  Series,  vol.  x.  no.  30. 

Architect  and  Building  Gazette,  for  November. 

Athenaeum  Journal,  November  and  December. 

Bclgique,  Academic  Royale  de.  Mcmoires,  tome  xxiv.  M^oires 
Couronues,  tome  sxiii.  Bulletins,  tome  xvi.  partie  2,  and  tome 
ivil.  partie  1 .     Aonuaire,  1 850. 

.     nistoire  Naturelle  des  Polypes  Composes  d'E^u  Douce, 

par  MM.  Dumortier  et  Van  Beueaeu.    2'  jmrtie.    Descriptions. 

.     Catalogue  des  Livres  de  la  Bibliothiique,  1 850. 

.     Mi'moire  sur  la  Chimic  et  la  Physiologic  Vi^gdtaJes,  et  sur 

I'Agriculture,  &c.,  par  H.  le  Docte. 

.     Expose  General  do  rAgrieulture  Luxembourgeoise,  par 

II.  le  Docte. 

Bordeaux,  Socii'te  Linn(k-nne  do.     Actes.     Tome  xvi.  liv.  3  &  4. 

Cornwall,  Royal  Institution  of.     3l8t  Annual  Report,  1849. 

France,  Societe  GJologiqne  de,  Bulletin.  Listc  BibUographique  par 
noms  d'Auteurs  des  Uuvrages  et  Menioires  Geologiques,  &c. 

Glasgow  Pliilosophical  Society,  Proceedings.     Vol.  iii.  no.  2. 

llalle  Society  of  Natural  Sciences.  Jahresbericht,  Zweites  Jahr  vom 
Juni  18J9-50. 

llamburgh  Society  of  Natural  Sciences,  .'Vbhandlungen.  Baud  2, 
Abth.  1. 

Indian  Archipelago,  Journal  of  the.     Vol.  iv.  nos.  9  &  10. 

Philadelphia  Academy  of  Natural  Sciences,  Proceedings.  Vol.  v. 
nns.  3  &  t. 
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Philosophical  Magazine.   November  and  DecemWr. 
Etq.,  F.a.s. 

St.  Pi'tcrsbourg,  Acadt'mie  Impt'ri.ilp  ilfs  Sciences. 
S<?rie,  tome  v.  liv.  5  &  6,  ami  tome  vi.  liv.  4. 

.     Beciieil  des  Actes  des  Seances  puhliqurs. 

Stockholm,    Royal   Academy   of.      Kongl.   Vctenskap«-.\kademiMia 


Haiidliugnr  tor  iir  1818  (2). 
.     OlVereigt,  1849. 


Wishaden  Society  of  Natural  History. 
.     Statuten,  lK-19. 


Jalirbiicher,  Srchates  IleA. 


II.    GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Namft  of  Donor*  in  italic*. 

Barraniie,  Jonchim.     Graptolites  de  Bohcmc. 

Beart/morf,   Nathaniel.     Suggestious   for   a    New   Street    tlirougk 
London,  witli  a  leading  Ai|uediict  Sewer. 

Bianeoni,  J.  Jotrph.     l)e  Mari  olini  oecnpante  Planitiea  et  CoDei 
Italian,  Gnecia.-,  .\»ii«  Minoris,  &c.     Fas.  3  &  4. 

Nuuvi  Annali  ik-lle  Sciettzc  Naturali.     Serie  3,  tane  i. 


Gennaio-Giugno,  1850. 

Daubrny,  Charlm,  M.D.     .\n  Intro<luctioii  to  the  Atomic  Thcofj. 

'ind  Edition. 

IhtMont,  Andri.     I{R])purt  sur  la  Carte  Geologique  de  la  Belgique. 

Gibbet,  R.  W.,  M.D.     Monograph  uf  the  Fossil  S<iiuilidic  of  tbt 
United  Sutes. 

Grewingk,  Dr.  C.     Reitrag  cur  Kenntniss  der  orographtachcn 
gcognostisclicn  Hix'lintTeidirit  der  Nonl-Wt«t  Kiixte  Amml 
t'rvm  Sir  It.  1.  MurcAmon,  F.G.S. 

Huf/g,  J.    On  the  Geography  and  Geology  of  the  Peniivnda  of  I 
Sinai  and  the  adjact-nt  eountries.     Parts  I,  2  \  3. 

MaeddtMm,  Jame*.     Geological  Obsenalious  on  tiie  Neigbb 
of  Belfast. 

Rmimn/er,  Dr.  L.     Ueber  das  Scbweigerische  Nnmmulitentem&i: 

Sehlaffintweit,  Dr.  Hermann.     Uelx-r  (lit- (l»ciUntiouender  Gletarbrr. 

.     Ueber  die  Physikalischen  Eigenschaften  de»  Eiaen. 

and    AJolph    Sclilit(/>Ntirrit.       HypttoraetriKhe 

mungrn  in  den  Ostliehcn  Alf>rn. 

SeklagiHtweit,  Dr.  .Itlolph.      Untrrsuchungen  ulier  die  Thail) 
nnd  die  Formen  der  Gebirg«ugc  in  drn  .\l|icu. 

Willijunii,   D.  IL     A  Geolugieal   Ile|M>rt  on  the  Damondah  XlBttf. 
From  the  Dirrrtort  of  the  Ea*t  India  Com/muy. 
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PROCEEDINGS 


THE  GEOLOGICAL  SOCIETY. 


February  5,  1851. 
James  Inglis,  M.D.,  was  elected  a  Fellow. 
The  First  Part  of  the  following  communication  *  was  read  : — 

^Oh  the  Silurian  Rocks  of  Ike  South  of  Scotland.     By  Sir 
RuDEKiCK   Impey  Murchison,  G.C.St.S.,  F.Il.S.  G.S.  L.S., 

tHon.  Mem.  R.S.  Edinhurgh,  R.L  Ac,  Mem.  Imp.  Ac.  Sc.  St. 
Petersburgh,  Corr.  Mem.  Ac.  France,  Berlin,  Turin,  Copenhagen, 
ic.  &c.,  and  President  of  the  Royal  Geographical  Society,  London. 
With  a  List  and  Description  of  the  Silurian  Fossils  of  Ayr- 

I     SB  I  RE.     By  J.  W.  Salter,  Esq.,  F.G.S. 
Introduction. 

The  rocks  of  the  South  of  Scotland,  to  which  attention  is  directed  in 
the  ensuing  pages,  have  been  more  or  less  described  by  many  of  mv 
predecessors  and  contemporaries.  They  constitute  the  greywacke  and 
clay-slate  of  earlier  geologists ;  and  a  few  organic  remaius  in  their 
associated  limestone  did  not  escape  the  observation  of  Huttonf. 
At  that  period,  however,  these  few  and  rare  organisms  could  not 

•  Part  Second  wa»  read  on  February  26,  1851. 

t  Tlieorj-  of  the  Karili,  vol.  i.  p.  333.     For  their  structure,  see  Prof.  Jameson's 
first  delineationt  of  the  S.  ScottUh  Rocks,  Memoirs  Wemerion  Nat.  Hist.  Soc. 
vol..  VJI. PART  I.  L 
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have  been  made  available  in  classifying  the  strata  iu  which  tbej 
occurred  ;  since  no  distinction  of  the  older  palaeozoic  formation*  by 
means  of  imbedded  fossils  had  then  been  attempted.     Between  the 
brilliant  dawn  of  Scottish  geology  and  the  last  few  year*,  the  fowila 
of  these  old  rocks  had  altogether  escaped  attention.     When,  how- 
ever. Professor  James  Nicol  discovered  certmn  forms  in  the  acbirt* 
of  Peebleshirc,  he  at  once  saw  that  they  were  of  Silurian  age  by  caa»- 
paring  them  with  the  Graptolitea  published  in  the  '  Silurian  Systrm.'    ■ 
-■Vbout  the  same  time,  and  a  few  years  after  the  publication  of  my   | 
work   upon  the  Silurian   Region,  Mr.  J.  Carrick    Moore*,  hanqrH 
collecteil   Graptolites  in  Wigtonshire,  referred  the  schists  in  wbkn  H 
they  occurre<l  to   the  'Silurian  System;'  and  Professor  Sedgiwick,      ' 
having  subsequently  visited  that  region  and  extended  his  rcMlIciMt 
with  Mr.  Moore,  eontinncd  the  view,  having  first  couaidered   lltt 
Ayrshire  deposits  to  be  Up|>er  Silurian  or  Devonian  t,  and  ttU'tmtait 
having  classed  them  as  Lower  Silurian.  Following  on  thowraMUtlMa> 
and  dter  the  iiublieation  of  his  excellent  '  Guide  to  the  Gtciogf  td 
Scotland,"  Profes.sor  James  Nicol  ga<  e  us  two  uiemoin  on  I "    " 
Rocks  of  Peebleshirc^  and  the  Tweed §,  iu  wliich  he  taa^otti  i 
g^unda  for  believing,  that  the  oldest  rocks  containing  foaula  in  Uw 
region  of  Scotland  were  of  the  age  of  the  Ltandeilo  group  of  the  Ixiww 
Silurian  Rocks.     Another  group  of  forms  having  been  sent  to  the  Geo- 
logical Society  from  the  environs  of  Kirrudl>right  liay,  Mr.  Salter 
pronounced  them  to  be  of  the  age  of  the  NVenloek  shale  ||. 

Ilaving  at  variou>i  periods  of  my  life  traverseil  |)ortious  of  thia  So«Ul 
Scottish  tract,  I  had  a  strong  desire  to  look  at  it  more  duttcly,  nam 
that  it  had  been  pronounced  by  others  to  belong  to  my  own  '  Sil»> 
rian  System.'  I  was  the  more  stimulated  to  do  so,  by  hearing  tnm 
Professor  Sedgwick  at  the  last  meeting  of  the  Britiah  Aaaomtioit  ■ 
verbal  commimication  on  the  highly  fossiliferoiu  tract  of  Aynhiie 
near  Girvan,  from  which,  iu  addition  to  collections  made  there  by 
Mr.  J.  Carrick  .Moore,  he  had  procured  many  fossils,  whii-h  hni)  thn 
been  to  a  great  extent  nauuHl,  and  were  about  to  l>e  de.^r  hoi 

bv  Professor  M 'Coy  ;  preparatory  lists  of  them  In-ing  tin  '•'«L 

Knuwini;  that  Prufess<ir  Setlgwiok  had  U-cii  so  unwrll,  when  he  bMl 
visited  Girvan.  that  he  could  not  work  nut  with  satisfaction  to  hiai- 
self  the  natural  sections  of  the  interesting  tract  around  that  town,  oaii 
also  that  he  could  not  revisit  il  lant  autumn  owing  to  his  duties,  1  r^ 
sohed  to  explore  it  licfore  I  looked  at  other  |Kiints  in  the  South  ti 
Scotland.  Ilaving  obtained  from  my  old  friend  every  encouragnueot 
to  do  10  (for  we  were  together  •  few  days  in  the  South  IIi|i;hWiid«),  I 
induced  Profeasor  Nicol  to  join  me  in  theae  reaMrcbea,  and  I  need  M( 
say  how  valuable  his  co-operation  proved,  in  couMnieiMe  of  his  hafd-  \ 
(•rued  acquaintance  with  the  eoatem  and  ctntru  portiooa  of  j  ~ 
South  of  Si-dlland. 

Having  first  examined  the  clay-slate  at  the  moath  of  tlw  i 
hofecHir  Nicol  and  myself  repaired  to  (iinron  ;  and,  aftv  exploiii[§l 

•  Prec-  G«oL  Soe.  »ol.  iu.  p.  277.  f  tUd.  p.  Ul. 

X  Mnarl.  Jeura.  Gcol.  Soe.  vol.  <n.  pp.  S3  tt  trt.  

I  /«ML  «oL  It.  pp.  I9&  *«  wf.  I  Md-f.'. 
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the  tract  around  it,  we  subsequently  travelled  through  Wigtonshire, 
Galloway,  and  Kircudbright,  and  lastly  made  transverse  sections 
across  the  central  ridge  iu  Dumfriesshire,  the  country  which  Mr.  Ilark- 
ness  has  recently  described*. 

In  offering  the  following  observations,  no  one  can  be  more  impressed 
than  myself  with  tbe  difficulty  which  must  for  some  time  ])revail 
ill  producing  a  detailed  monograph  of  the  Silurian  Rocks  of  Scot- 
land. Their  numberless  dislocations  and  contortions  would  be  diffi- 
cult to  unravel,  even  in  a  clearly  exposed  momitnin-ehain  ;  but  when 
we  add  to  this,  that,  for  the  most  part,  the  strata  are  obscured  by 
vegetation,  bogs,  or  drift,  and  also  broken  through  by  a  viiriely  of 
igneous  rocks,  every  one  will  perceive  tli^t  the  tusk  of  phiciiig  them 
in  their  original  order  of  succession  is  one  wliicli  can  only  be  ac- 
complished by  long-continued  and  close  labour,  such  as  has  cha- 
racterized the  Geological  Suney  of  England  and  Wales.  This  effort 
in  physical  geologj'  might  indeed,  1  am  persuaded,  be  accomplished 
by  persous  Uke  Professor  Nicol  and  those  who  have  begun  ic ;  but 
I  do  not  desire  to  see  good  geologists  set  to  such  a  labour  of  detail 
until  the  region  be  adequately  laid  down  and  mapped  by  the  Govern- 
ment Geographical  Sun'eyors.  If  Scotland  be  not  freed  from  the  dis- 
grace of  being  almost  the  oidy  country  in  Europe  whose  surface  is  not 
yet  correctly  nuijiped,  it  is  vain  that  we  can  look  for  sound  geological 
details.  In  the  absence  of  such  geogrnpliicu!  data,  the  working  geo- 
logist is  discouraged  in  his  lirst  efforts  to  reform  tbe  maps  hitherto 
produced,  the  chief  one  of  which,  usually  known  ns  MacCulloch's  map, 
is  so  replete  with  errata,  that  although  it  would  be  a  waste  of  time  to 
attempt  to  enumerate  them  all,  a  certain  number  of  them  are  subjoined 
in  a  footnotet. 

•  Quart.  Joarn.  Geol.  Soc.  toL  vii.  pp.  46  et  teg. 

t  The  following  errata,  chiefly  drawn  up  by  Professor  Nicol,  may  be  taken  as 
samples  of  tlic  tli't'ecis  of  MacCuUocli'i,  Geological  Map,  and,  although  Dome  of 
them  have  been  remedied  in  more  recent  iimps  of  the  liritisli  Isles,  very  much 
remains  to  be  done  in  correcting  uutlinc  mistakes  and  erroneous  classification. 

In  the  south-east  the  sandstones  uf  Hoiliurgh  and  Ucn^'ick  are  coloured  as  Red 
Sandstone,  whereas  a  large  part  of  tliem  belong  to  the  carboniferous  or  luouiitain 
limestone.  This  is  also  true  of  the  same  forniatiun  on  the  coast  south  of  Uunbar,  on 
the  other  side  of  the  southern  Silurian  axis.  The  limits  of  these  sandstones  and 
of  the  other  formations  are  in  both  places  very  inaccurate,  and  more  especially  in 
the  upper  part  of  Liddesdale.  A  great  part  of  the  trap-rocks  in  the  sandstones  ia 
omitted.  The  igneous  eruptions  in  the  Silurian  rocks  are  almost  entirely  passed 
over.  Not  a  single  trap-dyke  is  laid  down,  although  snme  run  continuously  for  many 
miles — oue  at  least  for  nearly  thirty.  Whole  lulls  of  felspar-()orphyry  and  syenite 
are  coloured  as  clay-slate — as  the  promontoi-y  of  St.  Abb's  Head,  Cockburn  Law, 
Priestlaw  (the  Fassney  granite  of  Playfair),  Dcrrington  Lavr  in  Berwickshire, 
Wcndeatraw  Law  in  Peebles,  and  Selkirk,  with  many  others  of  less  note,  well 
known  to  Professor  Nicol. 

In  the  loutb-west  all  the  granite  and  trap  near  the  Mull  of  Galloway  are  omitted, 
and  alto  the  important  trap-rocks  and  serpentines  of  Bennan  Head,  \c.,  and 
all  tbe  igneous  rocks  described  in  this  memoir.  The  Silurian  rocks  N.  of  Girvaa 
arv  laid  down  as  Old  lied  Sandstone, 

In  the  centre  of  Scutlanil  uo  ilepi'iidcnce  can  be  put  on  what  is  coloured  as 
Red  Saudstone,  or  on  what  is  laid  down  as  Coal.  The  trap  rocks  are  also  very 
icuperfectly  deUneated.  In  tbe  Pentknd  Hills,  for  instance,  many  square  miles 
coloured  as  trap  are  Silurian  sandstone.    Of  the  latter  not  a  trace  ii  seen  in 
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But,  beset  ns  we  are  with  nunieroiia  difficulties,  no 
to  prevent  our  elucidating  those  details  which  mav  scrre  to 
the  stratigraphical  geology  of  Scotland  with  that  of  other  rrgioos. 
By  pointing  out  obstacles  to  be  overcome,  we  enable  others  to  gain 
the  vantage  ground.  It  is  in  this  sense,  and  in  the  conviction  that 
the  time  is  arrive<l  when  some  effort  should  be  made  to  drvclope  the 
earliest  epoch  of  Scottish  primaeval  life  (the  next  «ra  of  which,  or  the 
Old  Red  Sandstone,  has  been  rendered  classic  through  the  clcnr  il»- 
scriptious  and  jiowerful  reasouiug  of  Mr.  Hugh  Miller),  that  tUl 
memoir  is  written. 

Deriving  as  I  have  great  benefit  from  the  assistance  of  Pnttmer 
Nicol,  he  is  not,  however,  ^o  be  held  responsible  for  all  the  opunm 
now  published  ;  and  in  justice  to  him  I  shall  indicate  a  point  ct  de- 
tail in  which  he  entertains  a  hypothetical  view  ditfering  sligfatlj  ffon 
my  own. 

Lastly,  let  me  express  the  gratificution  I  experienced,  witni,  in     J 
turning  over  the  pages  of  Hector  Uoetius  in  the  t'brttuicles  of  HoUia-     1 
shed  (let  no  rigid  critic  interfere  with  my  belief),  I  found  that  the  vrty 
tract,  in  which  there  are  strata  undistinguishable  in  their  ktprrt  anil 
fossil  contents  from  the  sandstones  I  had  named  after  Camdoc  or  IV 
ractacus,  bad  been  also  occupied  by  tribes  of  the  Silures !  In  short,  it 


the  map.  In  the  South-wettcm  HighUndi,  ■  Urge  portion  of  Cuitire, 
as  iBicMlate,  ii  taniUtoDc  and  lioiatonc,  covcml  with  trap,  u  rccenUy  i 
b^  Profeuor  NicoL  The  liu  of  MacCulloch  in  Cantire  ii  |>anly  coal,  partlv  r 
tertiarr,  and  partly  a  peat  bog.  Much  of  hU  primar)'  limntone  i<  ■  bUa  I 
(mc  Edin.  I'hil.  Joum.  vol.  ilix.  p.  386,  and  Profntor  J.  Nicol'i  aeeoaal  oft 
tire,  given  to  Itie  British  Auoctation  for  the  Adtancrment  of  S<ieBrB,  IMtV 
Purtber  north  the  tiag:ular  trap  rockt  on  the  <oa»t  I, like  tboae  of  Amo,  Ac),  aft 
all  paued  over. 

On  the  north-eaat,  a  great  deal  of  trap  iu  the  Red  SandstoDS  of  TtthnUn  <■! 
Kincardiaohire  it  omitted.  In  the  (irampiant  touth  of  "IhmlfHa.  thva  aiaMy 
and  granite,  hoth  of  which  are  not  noticed.  In  the  roiinirr  round  Abwrkca  Ite 
boandahet  of  the  granite  and  gneia  are  incorrect,  hilU  of  the  oat  nxk  Waf 
coloured  like  tboae  of  the  othn.  All  the  rt^joa  in  tad  around  iba  PactM  at  Ckm- 
orchy  ii  moat  inaccurately  giieo,  and  even  m  (he  caailjr  aeceaaihle  eeaaltin  aorlk 
and  tuuth  of  Loch  Pyne  and  Loch  Tay,  long  and  pcnialaal  hand>  of  tiiarlBii. 
to  importaat  in  tuch  tract*,  are  either  omitted  or  occtaioaall)  mwVeil  aa  igaaMa 
rocki!  In  ^eral,  even  where  the  map  is  tolerably  eorrect,  ihc  furmalioot  an 
not  ditUnguuhed  a>  could  now  be  done.    The  n>ap  ia,  in  truth,  oiart  auHilai 

7'cal  than  geological,  but  in  the  igaeoiu  rockt  it  ha*  not  r«rn  litbologieal  atrit 
he  felipar-por^ihjTvea  are  not  teparaled  from  the  trap*,  nor  from  ibt  Im» 
blende-rock*.     In  the  ahtence  of  a  correct  geographical  lonrey.  MtcCuUoeb  maf 
boweter  be  held  evcuuble  for  the  omisaion  of  many  detail*  and  much  iaaceiaacy 
of  outlinr. 

Thit  national  defirieacy,  through  which  all  heorfil  of  the  appUcatiaa  of  tb( 
"  Qcologioal  SuiTty  of  Great  Hniain  and  IreUnd  "  has  al*n  b«ea  laai,  win  i  crwa 
be  tooa  remedied  by  an  adequate  grant  of  money  to  produoe  a  eontct  mtf  t» 
the  Male  al  an  inch  to  a  mile.    Making  a  Snt  renumstranct  oo  thit  latiaal  k 
I8S4.  and  vlgoroualy  icviviug  it  la*t  year  (on  both  occationa  at  ny  iaMaa«a)b  iht 
Britiah  .\*iociation  for  tl-      *  '  -^ienee,  being  aafpoitad  b*  tka  |i^ 

i>hriar>  >ml  pulilir  li<.  ueriaa  Society  wd  tlM  M|«l  ant 

IlighUud  ^^lc>ctla,  Ua^  .        „._  .........  iii  directing  the  icriaaaaMMlMef 

tbe  tloaifMwi  aad  PatiiaaeM  to  tht  antowaid  eooduioa  «<  iha  mm^%  rf 
Scollaal  Sat  letnua  to  the  Howe  of  CoBuaoa*.  TritoaoaMOW  ttrmf  ^ 
Great  Britain  and  Scotland,  IMA,  no.  IOC,  and  1837,  no.  iii. 
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would  appear  that  the  Silurian  loved  to  dwell  amid  the  relies  of  the 
old  grejrwacke  of  the  Scottish  region,  as  well  as  on  that  of  the  head- 
quarters of  his  nation  along  the  Welsh  frontier.  And  thus  I  rejoice 
at  having  substituted  a  pleasing  name,  full  of  glorious  British  re- 
collections, for  the  foreign  term  "  grawoacke,"  which  though  useful 
in  a  mineralogical  sense,  had  led  to  much  confusion  in  geological  classi- 
fication, by  its  ha%ing  been  applied  to  formations  of  verj'  different  age. 
After  the  description  of  the  other  tracts  of  the  south  of  Scotland,  the 
historian  savs* — "  Above  Gallowoie  is  Carrike,  sometime  a  portion  of 
the  region  of  the  Silures.  .  .  Silurie  is  divided  into  3  parts ;  to  wit 
Carrike,  Kile,  and  (Jmmiiigham."  Then  describing  Carrike  with  its 
noble  city,  strong  castles,  and  fair  kine,  and  Kile,  so  colled  from  Coile, 
King  of  the  Britons,  with  its  huge  "deafe  stone"  north  of  Ayr,  and 
its  lake  and  river  of  Doon,  he  concludes  with  Cunningham  as  the 
"third  part  of  Silurie,  whose  inhabitants  in  times  past  were  most 
noisome  to  the  Itomans."  It  is  the  Carrick  of  this  Silurian  region 
that  forms  the  first  subject  of  our  consideration.  We  shall  then  pass 
on  to  Galloway,  including  the  counties  of  Wigton  and  Kircudbright, 
parts  of  which  constitute  the  Southern  division  of  the  Siluria  of  early 
Scottish  history. 


k 


A.  SiLuaiAN  AND  Carboniferous  Rocks  near  Girvan, 

AvRSHIREt- 


The  most  fossiliferous  Silurian  Rocks  yet  discovered  in  Scotland 
lie  directly  to  the  east  of  Ailsa  Crag,  and  to  the  north  and  south 
of  the  port  of  Girvan.  W'hilst  these  strata  rise  into  hills  on  both 
banks  of  the  Gin-an  Water,  the  intervening  lower  grounds  ui  which 
that  stream  meanders  arc  composed  of  carboniferous  deposits  which 
extend  from  the  well-known  extensive  masses  of  the  same  age  in 
the  northern  parts  of  Ayrshire,  and  here  constitute  a  narrow  and 
broken  trough,  the  major  axis  of  which  is  nearly  parallel  to  the  pre- 
vailing strike  of  the  older  flanking  rocksj.  If  the  fossil  reniaiiis  of 
the  carl)Oniferous  system  had  not  been  long  ago  distinguished  from 
those  of  the  Silurian  lera,  a  geologist,  judging  from  nide  physical 
features  onl_v,  might  on  a  cursory  new  he  led  to  suppose,  that  the 
coal-bearing  strata  dipped  under  the  older  rocks  and  were  really 
intercalated  iii  them.  A  brief  inspection,  however,  of  the  ground,  in- 
dependently of  any  fossil  evidence,  would  soon  convince  him,  that 
although  at  a  lower  level  and  in  some  instances  apparently  dipping 
under  the  adjacent  Silurian  rocks,  the  carlxiniferous  strata  are  wholly 
unconnected  with  them,  and  hove  been  thrown  unconfonnably  against 
them  by  a  great  fracture,  as  represented  in  the  aiuiexed  diagram. 
(See  Map,  PI.  XI.  and  Section,  fig.  1 .) 

•  Sec  IloUinshed's  Chronicles,  Edition  1808,  vol.  v.  )i.  5.  "  The  description  of 
Scotland,  written  at  the  firet  by  Hector  Boetiua  in  Latine." 

+  The  accouj[Hinyiiig  map  (PI.  XI.)  is  not  offerwl  as  being  correct  in  the  Imun- 
dtnt*  of  the  fonuationis,  but  simply  as  an  approximation  to  assist  the  reader.  The 
geography  is  taken  from  .Mr.  Keith  Johnstone's  Map  of  Ayrshire. 

J  See  Map,  c.  Carboniferous. 
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Although  1  have  no  iiiloiition  to  describe  these  coal  stral*  in  detaiJ, 
I  may  still  say  a  few  words  ou  some  of  their  dominaut  feature* 
which  have  not  yet  been  develo|)cd.     The  diagrvm  (fig.  I)  expr 


Fig.  I . — Section  aerota  MuUoch  UiU. 


N.N.W 


the  fart,  that  on  the  right  bank  of  the  Ginaii  Water,  and  partioolarlr 
near  the  Home  of  Dalquharran,  oiijwsite  to  New  Daily,  Ugnt-colourwl 
rnrlKJuiferoiis  sandstones  (r)  prevail.  These  form,  in  niy  optnim, 
the  upjHT  di-ti-sion  of  a  verj-  thick  sandstone  series,  the  lower  parU  ot 
which  are  of  a  red  colour,  and  rise  up  in  undulations  at  Maybole,  in 
the  interior,  and  form  the  coant  ledges  that  are  well  exposed  at  low 
water  iH-twecn  Gir\nn  and  TumlM-rry  Castle*. 

In  the  valley  of  theGirvan  Vater,  the  yellowish  and  light-coloured 
sandstones  have  Ikh-u  irregularly  broken  up  upon  an  anticlinal  tin* 
trending  from  E.N.E.  to  W.S.W.,  and  the  l)eds  having  been  lilted  off  to 
the  N.  as  well  as  tu  the  S.  (see  also  tig.  '2,  v.  1-17).  abut  agaiiut  Um^^h 
lurian  rtH'ks,  from  which  they  are  separated  by  a  |>owerful  line  of  t*!^^^! 
On  the  north  side  of  the  valley,  and  alwve  Dalipihurrau  Ilouie,  the  wni^^ 
bearing  strata  (fig.  l,r*)  consist  of  sandstone  and  Mbalc  dipping  'ii' 
to  the  N.N.W.  and  enclosing  four  seams  of  coal,  which  ha>c  rrcrntlj 
been  laid  open  by  galleries  driven  along  the  incline,  and  rxpMing 
manv  impressions  of  characteristic  plants.     In  the  up]>er  or  raatrni 
portion  of  the  valley,  near  Lanmiy  Ivuie,  courst-s  of  concrrtinnarv  ltd 
and  white  mottled  limestones  are  intercalated  in  this  scrim,  and  are 
extroctnl  for  use  ;  and,  although  we  detected  no  organic  rfnutiiis  in 
them,  it  was  manifest  to  us,  that  they  were  lithiilogically  ijuite  distinct 
from    certain  limestones  of  Sdnnnn  age  hen-al'ter  to  U*  described. 
Fortnnntelv,  sini^  the  visit  of  my  friend  and  self,  the  suecesaful  ftaMd- 
collector  ot  Ginaii,  Mr.  .\lexauder  MncCallum,  of  whom  I  khaliliAic 
occasion  to  speak  in  the  iietpu'l.  has  forwarded  to  me  organic 
which  he  has  detected  in  coui>e»  of  this  bastard  carboniferous 
stone  and  shale  (see  .Map)  which  clearly  overlie  tiie  coal-braring 


■  li  u  mucii  to  bedcHred  tba(aeocBpetrni|[valngiw  mmldwdwvewto^ 
what  u  mil)  the  bate  of  ibc  laadstoaei  to  «  hich  tb<  term  '  carbaaSfaww' < 
be  reithctrd  in  the  South  of  Srotland.  The  red  Miklttona  here  adveitcd  (a  m* 
derigaatcd  '  Old  Red  '  in  MtrCiilluch't  nip.  uid  are  therein  coafoaoded  wttk  ike 
SUofiaD  rock*  aboat  lo  be  detenbed  i  Tb«  di«tiDi-tioii>  ot  the  Old  Red  T 
(DeToaiao)haTe  been  ao  ably  Bad  dearly  deliacaird  ill  ilic  .VorthHi(Maada>l 
tkrir  <,.^.ii  .liitinftioai eiablMwd  tj  Mr.  Hafh  Miller  and  (VoT.  AgHaii.  ( 

:  tay  of  tboae  types  ia  Aynhire  would  at  once  reveal  to  a*  wbttkvMy 
J  iliti  Red  Saadaleoe  aboaM  be  rlaa*«>i  a>  t  ppn  Old  Red 

•>  I  aui  dttiMned  to  think,  h  U  all  of  the  lower  cartoniftfaai  ft. 
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of  Dalquliarran,  and  are  seen  l)etween  thein  and  tlic  foot  of  Mulloch 

I  Hill,  tis  represented  in  the  diagram  fig.  \(c**).  These  fossils  are, 
Pruditcttis  ffiffanteus.  Sow.,  P.  Martini,  Sow.,  Nautilus  tuberculatiu. 
Sow  ,  Spirifer,  probably  S.  triyonalis.  Sow.,  aiid  a  Coral. 

By  such  clear  proofs  we  now  clearly  kniiw,  thiit  the  Gir\'an  Water 
coal  lies  low  in  the  carboniferous  system  ;  since  it  is  inferior  to  bands 
of  limestone  charged  with  unequivocal  mountain  limestone  species. 
These  coal  beds  have  thus  the  same  position  as  the  chief  carboniferous 
masses  of  Berwickshire  and  many  parts  uf  the  south  and  centre  of 
K  Scotland,  as  well  as  those  of  Russia  and  other  countries,  so  clearly 
f  distinguished  from  the  main  cool-fieUls  of  England,  which  are  super- 
posed to  the  marine  formatiou  of  that  tera,  or  the  lowest  carboni- 
ferous di^'ision. 

The  sections  figs.  1  &  2  will  lead  the  reader  to  see,  that  the  coal 
strata  of  the  Ginan  Water  \'alley  have  been  subjected  to  very  great 
dislocations  subsequent  to  their  deposition  in  a  trough  of  those  Silurian 
Rocks  which  I  now  proceed  to  consider. 

Silurian  ridyea  on  the  riyht  bank  of  the  Ginan  Water. — 
Although  the  SUuriau  rocks  are  best  exposed  on  the  S.  bank  of 
the  Gin-an,  where  the  hills  are  higher,  and  where  some  of  the  strata 

tare  seen  in  scars  along  the  shore,  I  will  first  describe  the  hills  N.  of 
the  Girvan,  as  I  desire  to  carry  the  reader  witii  me  in  ai>  examination 
of  the  strata  from  uorth  to  south, 

The  rocks  constituting  the  Silurian  series  of  Ayrshire  consist  of 
(3)  schists  and  limestones,  (2)  shelly  greywackc  sandstone  with  con- 
glomerates, and  ( I )  limestone  and  schists  ;  and  in  the  sequel  it  will 
be  indicated  that  such  is  the  ascending  order  of  the  deposits  (see 
Table  on  the  Map). 

These  ridges  are  composed  of  strata  which  strike  from  W.S.W.  to 
E.N.E.,  or  parallel  to  the  general  direction  of  the  Silurian  rocks  of 
the  S.  of  Scotland.  The  Girvan  Water  and  the  Stiiichar  (of  which 
hereafter)  flow  in  longiiudiunl  depressions  or  fissures  which  are  also 

B  coincident  with  the  strike  of  the  rocks. 

H  The  dominant  rock  in  these  low  hills  is  a  sandstone,  in  some 
parts  of  a  grey,  in  others  of  a  reddish,  iron-shot  colour,  which 
abounds  in  shells  and  costs  of  shells.  Whether  its  fossils  or  the 
litholugical  character  of  the  rock  be  regarded,  I  did  not  doubt,  on  a 
first  inspection,  that  it  rejiresented  the  t'liradoc  sandstone ;  for  niauy 
of  the  rock-specimens  froui  Ayrshire  might  be  labelled  .Vnkerdiue 
Uill,  or  May  Hill ;  jilaces  where  that  formation,  as  described  by  my- 
self, assumes  a  clear  and  tyjiical  as])ect  in  the  original  Silurian  re- 
gion. On  the  slopes  of  ilulloch  Hill,  above  Dalquharriiii,  this 
shelly  sandstone  dips  sliarjily  to  the  S.S.E.  in  several  quarries  which 
have  been  opened ;  but  in  passing  over  that  low  eminence  the  strata 
are  seen  to  tuni  and  dip  also  to  the  N.  and  W.  The  open  quarries 
above  the  Rough  Neuk,  High  Mains,  &c.,  exliibit  this  shelly  sand- 
stone dipping  40°  to  the  S.S.E.  The  prolongation  of  this  dip  of 
the  older  rock  must  therefore  cut  oft"  the  cool.  In  truth,  however, 
there  is  ever>'  reason  to  supjwse  that  some  of  the  space  between  the 
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points  of  wbich  protrude  a  little  to  the  N.E.  of  this  locality.     BcM 
the  Silurian  strata  consist  of  very  tiue-grained,  slightly  micM 
dark-grey  sandstone,  separated  by  thin  wayboards  ot  gncniah 
Fossils  abound,  and  for  the  most  part  their  shells  are  so  wM 
served,  that  great  was  my  astonijibinent  when  I  cast  my  eye  over  I 
surfaces  of  this  rock  and  thought  of  the  long  time  which  bad  i ' 
before  such  unequivocal  and  really  beautiiul  Silurian  types  I 
made  known  in  Scotland. 

Among  the  fossils,  the  Atrypa  hirmitpkariea.  Sow.  (SSi.  SSy*t.),  k 
most  abundant,  and  is  associated  with  the  Orihit  elegantula,  Ualm. 
(canali».  Sow.,  Sil.  Syst.),  O.  reverta,  Salter,  and  Slrophamma 
pecteH,  Ualm.  VfTnlohitm  there  is  a  large,  but  imperfect  Jllamu, 
the  I'hacops  Slokrtii  (P.  macrophf/ialma  of  Sil.  Syst.),  and  amall 
fragments  of  Cali/mi-ne  Blumenbachii ;  au  Ortkoceratite  with  very 
close  septa ;  Turritella  obloleta  (Sil.  Syst.),  Iteltrrophon  dtlatalta 
(Sil.  Syst.),  Murchuonia,  Turbo,  and  a  Trorhnt  (T.  Stocrfi,  M'Cor). 
There  are  two  species  of  Encrinite*,  and  several  forms  of  Conb,  iiMa»> 
ding  the  Prlraia  (or  7V/r4i«o/<>/»»i*)  tubttuplicata,  M'Coy,  P.teqvitml- 
cata,  M'Coy,  and  |)erhaps  P.  el(mgata,  Phill.,  so  abimdant  in  lb» 
Lower  Silurian  rocks  of  Caemiarthenshire  and  other  placrs,  togftker 
with  the  well-known  Porite» pyri/ormi»,  Lonsd.*,  Farotitrt  olmiarit 
or  Gothlundicu*,  Sil.  Syst.,  and  Ptilmlirtya  (Stietopora)  antta.  Hall. 
There  is  also  a  singular  unpubli.thed  bodv  (PI.  IX.  figs.  I(>,  I*),  mhvAt 
Mr.  Salter,  to  whom  I  referred  all  my  collection,  recognises  as  identical 
with  a  fossil  of  the  Llandeilo  tlags  of  Itobestnn  Wathen  in  Ym- 
brokeshire,  niiil  which  may  either  be  the  llattened  mdut  or  CQ* 
capsules  of  a  Ga8tero|>ad,  or  a  new  form  of  Bryocoon. 

In  the  continuatiou  of  this  luie  of  low  hills  at  Lower  Thrare,  I 
&c.,  this  shelly  saudsttme  has  usually  an  ochreous  red  colour, 
ing  the  Liehas  fiurotm,  M'Coy,  which  is  conmion  in  the 
limestone  of  South  Wales,  in  its  equivalent  the  Usia  liniestonr  of  No 
Wales,  and  in  Ireland  ;  together  with  Atrypa  AemupAtfritm,  8ov^ 
var.,  llrmithyrit  angu»tifron»,  M'Coy,  OrIkU  rtrrrta,  Salter,  O.  k^ 
ratm,  S<-bloth.,  Pharopt  SloArhi,  eommon  in  May  ilill,  (ilnncXiT 
•hire,  and  the  Terrbratuta  mneala,  UiUni.  The  pn-sence  of  this  Last* 
mentioned  Weulock  fossil,  which  has  not  yet  Imtu  found  in  the  LoMvr 
Silurian  rocks  of  England,  coupled  with  other  fatsiU  which  aaHihr 
pertain  to  higher  members  of  the  series,  including  the  PAacnpt  StoJhtm 
of  Dudley,  might  lead  oue  to  supiKMe  that  these  slielly  ""■M'nwi 
are,  as  a  whole,  the  ujiper  part  of  tne  Lower  Silurian  rucks.  On  I 
other  hand,  some  of  the  forms  point  clearly  to  the  horiton  of  1 
a  poaitioa  to  which  Mr.  Salter  would  rather  refer  them. 

In  cratnng  the  Mulloeh  Uill  to  the  N.  and  by  W.,  tha  ilw 
HNBliaMd  sandstones  are  seen  to  grailuate  downwanis  into  partiil 
COH^oawnites,  in  which  fragments  of  re<l  granite,  Innrstone,  ao^ 
other  rocks  ocrur,  and  the  whole,  then  folding  over  in  gentle  i 

*  1^  fMitl,  it  woiili)  spgifar,  muti  change  iu  naae  i  Mr.  Oaaa  Brapans  l»1K~ 
■tCN  Goettard't  nlil  namr  llrlivliirt  fnr  the  gcnus.  aad  WahlcalMI!^  ipiidte  EHM 
imtrntHntut  loirhl  ttaod  far  the  >p«cin,  or  more  prpperty  (tUi  tmnihmdm  «f 
^tagt.    Pnf.  ll'Cojr  propotn  the  atmc  PtUopcra  for  the  gcoaa. — J.  V.  S. 
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Utions,  exposes  masses  of  highly  ferruginous  and  reddish  sandstone, 
in  which  we  detected  jKirtiona  of  the  Calymene  Blumenbachii  or 
"  Dudley  fossil"  of  old  writers. 

This  fossil  becomes,  indeed,  abundant  in  certain  schists  or  mud- 
stoues  (1)  which  seemed  to  me  to  overlie  the  mass  of  the  shelly  sand- 
stone and  conglomerates.  These  schists  occupy  the  low  slopes  of  a  de- 
pression to  the  east  of  the  farm  of  Drumniuck,  and  at  all  events  form 
s  flankmg  part  of  the  same  range  as  the  smidstones.  As  the  adjacent 
shelly  sandstones  undulate,  they  ap|)cared  to  nie  to  trough  this  Trilo- 
bite-ihale.  Seeing  that  they  contain  the  true  Calijmene  Blumenbachii 
(as  identified  by  Barraiule  and  other  naturalists)  as  well  as  the  CAeint- 
ru*  {Paradoxidet)  bimucronatus  (Sil.  Syst.),  I  am,  1  conl'ess,  disposed 
to  think,  that  if  i)ertai]ung  to  the  Lower  Silurian  division,  these  soft 
schists  (I)  he  in  the  upper  zone  of  its  Scottish  duvelopmcnt.  1  know, 
indeed,  that  these  species  of  Trilohitfs  are  no  longer  exact  chronome- 
ters of  the  age  of  the  strat«,  and  are  almost  universally  '  Silurian,'  one 
of  them  being  found  from  the  Ludlow  rocks  even  down,  ns  I  am  now 
assured,  to  the  slates  of  Snowdon  !  But  here  they  are  unquestionably 
asoociated  with  rocks  which,  although  chiefly  of  the  Lower  Silurian 
age,  show  signs  in  their  fossils  of  an  ascending  order.  When  followed 
in  their  strike  to  the  W.S.W.  or  to  the  sea-shore,  these  strata  of  shelly 
sandstone  are  entirely  denuded,  and  are  unconformably  overlaid  by  the 
carlxmiferous?  red  sandstone  above  spoken  of,  wliich  forms  ledges  on 
the  Ix-ach  (c  of  Map). 

A  great  mass  of  Umestoue  at  Craig  Head,  on  the  N.  bank  of  the 
Girvan  Water,  still  remains  to  be  assigned  to  its  geological  place  (see 

■  Map).  The  chief  difficulty  iu  doing  so  arises  from  the  fact,  that  large 
masses  of  amorphous  greenstuue  and  amygdaloidal  trap  flank  it  on 
the  S.W.  and  N.,  aud  thus  cut  it  off  from  the  strata  above  describe<l. 

■  No  Silurian  strata  are  there  visible,  towards  the  carboniferous  valley 
of  the  Girvan,  or  eastwards  ;  whilst  the  signs  of  bedding  in  the  lime- 
stone are  almost  obliterated. 

Tliis  limestone  is  laid  open  by  fjunrries  from  60  to  70  feet  deep, 
and  occupies  the  lower  [lortiou  of  undulating  hills  which  consist,  in 
this  higher  part,  of  tm]>pean  amygdaloi<l  and  greenstone.  Tlie  rock 
is  of  a  grey  colour,  cliicily  amorphous,  with  irrcgidarly  intercalated 
portions  of  greenish  earth.     The  liniestone  is  white-veined,  and  pre- 

■  seuts,  even  at  first  sight,  the  aspect  of  being  of  Silurian  age.  Although 
I  only  detected  imperfect  traces  of  fossils,  Mr.  J.  Carrick  Moore  has 
obtained  qiiitc  a  sufficient  number,  uot  till  now  aiuiounccd,  to  lead  us 
to  affirm  that  the  nx-V.  is  imquestionably  Lower  Silurian,  and  of  the 
same  age  as  other  limestones  hereafter  to  be  described.  These  fossils 
having  been  examined  by  Mr.  Salter,  prove  to  be — 

Orthis  elegantula,  Dalm. 

Orthis  confinis,  Halter,  PI.  VI IL  fig.  5. 

Orthis,  n.  sp. 

LepUcna  or  Strophomena,  1  or  2  species. 

Terebratula,  an  obscure  species,  PI.  VIIL  fig.  3. 

Pleurorhynchus  dipterus,  Salter,  PI.  VIIL  fig.  6. 
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Cbcirurus  (Amphion)  ^lasiiiosiu,  Porttotk,  gp.,  PL  VIII.  fig.  1. 

Heliolites  (Palteopora)  favosus,  M'Coy. 

FavosiUg  alveolans,  Blame,  sp. 

Petraia  (Turbinolopsis)  elougata,  Phill.  «p.  T 

Encrinites,  &c. 

Coupling  these  and  the  Maclurea  macrompkala,  M'Coy,  found  alio 
by  Professor  Sedg\rick  ia  this  uuarrv,  with  tlie  larg*  Illamtu  iu  the 
adjacent  sandtitonc  of  Mulloch  Ilill,  there  can  be  uo  doubt  that  both 
these  rocks  belong  to  the  same  zoolopcal  croup  of  the  Ix>wer  Silurian 
rocks.  At  ouc  end  this  rock  is  flanlced  by  a  coarse  |)obbly  conglo- 
merate,  and  this  again  by  scliist.  The  latter  is  cut  throu(;h  by  a 
magnificent  dyke  of  greenstone,  which  has  been  extracted  for  the 
luc  of  the  roads,  leaving  the  indurated  schist  as  walls  on  either 
aide  of  a  profound  and  slightly  tortuous  chaimel  of  about  60  feet 
deep,  1 JO  feet  long,  and  1 2  feet  wide. 

1  could  not  look  nt  the  mineral  character  of  this  mass  of  liim  itiim. 
nor  at  its  association  with  (tebble  beds  and  tni|i  rocks,  and  not  han; 
the  analogy  of  the  Nash  Sear  and  old  Radnor  limestones  of  the  Silo- 
rian  region  forcibly  brought  to  mind ;  and,  if  the  above-mentioned 
fossils  had  not  been  found,  the  two  rocks  might  have  been  nidelr 
aanmilated.  For  my  own  part,  however,  the  more  I  hare  »een  of 
the  rocks  of  this  age  in  other  countries  distant  from  each  other  (and 
even  in  the  Silurian  region  I  showed  the  evanesoence  of  the  tot), 
the  less  I  am  disposed  to  adhere  minutely  to  divisionary  tinea,  h 
marked  by  any  courses  of  concretionary  hmrstonc.  Judging  fron 
fossils  and  the  analog)'  of  other  parts  of  this  tract,  it  is  indeed 
certain  that  this  limestone  of  Craig  Head  lies  low  in  the  Scottish 
lian  rocks,  and  is  here  upcast  through  the  shelly  sandstone.  It 
have  no  doubt,  the  equivalent  of  other  limestones,  which,  as  I  sImU 
presently  show,  have  been  raised  up  on  other  anticlinals  further 
southwards.  On  the  whole,  then,  there  is  uo  doulit  that  the 
on  the  north  bank  of  the  Girvaii  marks  the  anticlinal  No.  I  of 
map. 

Sough  Hill  Section. — To  the  south  of  Girvan  Water  the  Silnrian 
rocks  rise,  as  before  said,  into  loAier  eminences,  of  which  Saugh  ilill, 
nearly  1000  feet  above  the  sea,  and  immediately  to  the  east  of  the 
town  of  Girran,  b  the  most  prominent.  Having  made  a  tnostrnc 
section  of  the  strata  aliout  three  miles  inland,  and  another  obU«{oe 
section  where  the  ends  of  some  o{  them  are  exjuised  at  low  water  to 
the  8.  of  Girvan,  I  shall  Im-  enabled  to  show  the  gronnda  for  the 
conclusions  at  which  1  have  arrive<l. 

In  aw:ending  from  the  carboniferous  trough  about  a  mile  and  a  half 
E.N.E.  of  Girvan,  there  is  first  seen  a  vellowLsh  sandstone  wi 
dips  45"  S.,  and  thus  seems  to  plungv  under  the  whole  mass  of 
HiU.  Out  thU  saudstone,  in  which  there  is  no  trace  of  (omiiC 
evidently  referable  to  the  carlxiuifcrous  group  (c ) .  Tlie  Girran  Water 
iudioatea.  as  before  said,  the  axial  line  of  a  valley,  from  which  the 
OBiboaifrroas  strata  liavr  been  thrown  off  to  the  south  on  this  side,  as 
tlMj  we  to  the  north  on  the  opposite  side  of  the  depression  above  Dal* 
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quLairan  (fig.  1).  Mounting  over  the  slope 
for  some  little  space  which  is  obscured  by 
vegetatiou,  fraguicnts  of  finely  laminated 
gcliist  are  next  observed  to  be  associated 
with  coarse  gritty  greywacke.  Presently  the 
knobby  summit  of  the  Brae  is  seen  to  con- 
sist of  a  conglomerate  (No.  2),  containing 
pebbles  of  quartz-rock  and  jasper,  which  is 
underlaid  by  flaggy  sandstone,  the  whole 
being  tilted  off  to  the  north  by  a  boas  of 
greenstone.  Tliis  conglomerate  has  no  di- 
stinct relations  to  the  Silurian  strata  of 
Saugh  II  ill,  nor  does  it  resemble  in  litholo- 
gical  composition  a  very  coarse  conglomerate 
which  will  afterwards  be  described  as  occur- 
ring at  Kennedy's  Pass.  I  am,  however,  of 
o[iinion  that  it  is  of  Silurian  age,  because 
somewhat  similar  pebble-beds  are  found  in 
the  shelly  sandstone  of  Saugh  Hill  with  a 
reversed  dip.  In  describing  the  coast  see- 
ds ^^  '^  i  3  ^'°"  C^S-  ■^)>  '''  ^U  also  afterwards  be  shown 
that  such  conglomerates  to  the  south  of 
Shttlloch  are  intimately  associated  with  true 
Silurian  strata. 

A  Eone  of  niarsliy  land  hure  iiidicates  a 
line  of  dislocation  which  jirobably  consti- 
tutes another  axial  line.  Some  of  tlio  lowest 
Ix'ds  of  the  north-westeni  face  of  this  hill, 
as  eis{K)sed  in  a  deep  gully,  are  finely  mi- 
caceous schists,  occasionally  containing  cry- 
stals of  iron-|iyrites.     These  again  are  fol- 
lowed by  sliflly  sandstones  and  here  and 
there  n  bastard  liniostoue,  with  a  few  peb- 
bles in  snine  of  the  beds,  in  which  fossils 
occur  in  quarries  opened  out  to  the  eastward 
for  the  construction  of  stone  walls.      The 
strike  of  the.-*c    beds    is   persistently   from 
E.N.E.  and  W.S.W.     Many  of  the  fossils 
are  the  same  as  those  on  tlie  north  ijank  of 
the  Girvan  ;   but,  in  addition  to  Atrijjm  he- 
mitpharica,  Sow.,  and  other  characteristic 
Lower  Silurian  forms,  we  here  detect  the 
Tentaculites  omatua  and  the  Pentamerus 
■^.|     oblotiijut  of  the  '  Silurian  System.' 
J  B         Near  the  highest  point  of  Snugh  Hill  the 
IJ     strata  are  very  highly  inclined,  viz.  80°  to 
So     the  S.S.E.,  and  even  on  the  escarpment  side 
J.:     they  dip  as  high  as  65°  to  "(if,  but  with  an 
inclination  always  southerly ;    and    thus  a 
great  thickness  of  strata  is  evidently  contained  in  this  one  hill.     In 
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gradually  desceniliiig  from  it,  aud  continuius  iii  a  tnu  ti 
section  to  the  S.S.E.  across  the  lower  hills,  further  inland,  other 
of  finely  micaceous,  greywacke  ilagstoues  continue  to  dip  in  the 
direction,  but  at  the  lesser  angle  of  about  -15°.  Then  cumn  aootber 
quartzose  pebble  and  conglomerate  bed  of  no  great  lhiclLne«ti  Ibl- 
lowed  by  a  greenish  coarse-grained  sandstone.  The  unt  overlyi^ 
strata  are  dork  flagstones  with  a  bluish  or  nurple  coloured  exterior 
and  containing  minute  fragments  of  fossils.  These  beds  are,  it  actmd 
to  nie,  a  part  of  tiie  orthoceratite  and  graptoUte  divi<iion  ( I ),  of  whkk 
hereailer;  for  in  an  undulating  and  moory  country  like  this,  wberr  the 
strata  are  only  visible  at  intervals,  it  woidd  be  unsafe  to  esdmat* 
exaelly  the  ascending  series  if  we  had  not  other  proofs.  In  advanciaK 
to  Tor  Mitcbel,  where  a  vePr'  large  mass  of  limestone  b  qtuurira 
and  exposed  on  the  right  bank  of  the  iVssell  stream,  we  found,  how- 
ever, an  intermeiliate  range  of  sandstone  and  pel>bly  cuuglommtr, 
exjM)sed  at  the  fann  of  Birbals,  with  a  dip  reversed  to  the  N.N.W. ; 
and  when,  in  making  aAerwards  a  section  on  the  adjawnt  coast,  I 
there  found  the  conglomerates  of  Kennedy's  Pass  also  dipping  to  the 
N.N.W.,  I  drew  the  inference  that  the  deposits  were  arranged  in  a 
trough,  of  which  t}ie  black  schists  and  flagstones  ( 1 )  form  the  upfMt 
or  central  part*.  Here,  then,  we  were  manifestly  approaching  an- 
other line  of  dislocation,  of  wliich  we  had  the  pro«ifs  on  reaching  tht 
limestone  of  Tor  Mitchel.  The  physical  evidence  clearly  indj~*~ 
that  this  limestone  is  on  a  line  of  axial  disturbance,  and  is  older 
any  stratum  descril)ed  in  the  Saugh  Hill  section.  The  chief 
of  this  rock  is  of  dark  grey  colour  with  white  veins,  and  is  cut 
for  a  de|)th  of  about  liAy  feet,  but  it  is  so  amorphous  and  isolated, 
that  it  shows  few  clear  relations  to  the  before-named  strata,  except 
tliat  it  seems  to  rise  out  from  beneath  them.  At  its  eastern  estn- 
mity,  however,  bedduig  sets  on,  and  a  small  nodular  structure,  my 
much  like  that  of  maiiv  wvll-known  Silurian  rocks,  bccomea  apaa 
rent ;  the  whole  decidedly  phmgiug  S.  and  by  E.  Again,  the  ouer 
bank  of  the  .\ssell  brook  is  seen  to  be  also  made  up  of  a  portion  if 
this  limestone,  which  is  there  both  thin-l>edd««l  and  roncretioiuUTt 
and  which,  striking  from  E.N.E.  to  W.S.W.,  dips  une<|uivocaUT  to  tna 
S.S.E.  under  massive  undulations  of  schists,  conglomerates,  &c.  &a> 
The  Tor  Mitcbel  limestone  marks  therefore  a  third  axial  line,  alow 
which  the  limestone  ia  traceable  to  the  E.N.E.,  whilst  to  the  W.S.\^ 
tlie  upheaval  is  connected  with  the  protrusion  of  great  eruptive  iinim 
of  rtN-k,  of  which  hereafter ;  and  I  have  no  doubt  that  this  lineatooe 
is  of  (be  same  age  as  the  fossiUferous  rocks  of  Craig  Head,  and  of 
Umettone«  on  the  more  southern  (mrallels,  at  Aldcans,  Bocao^  aad 
Craig  Neil,  which  from  their  imbedded  remains,  as  well  aa  mm  thtk 
poMfion.  are  oonaidered  to  be  the  oldest  ibaailifennu  Todo  at  ibe 
MgioD.  (See  Map.) 

*  Mr.  J.  Carridi  Moorr  bai  inibnncd  me  nnca  thcw  pignwen  writica,  ikal 

lie  alto  fouml  the  ttrata.  inrtuding  pebbly  brdj  and  im|nire  linn«<oa«,  r*M 
with  *  mirtlirri)  ilip  oii  tlu-  Inll-toaii  fruiii  (iir«4n  to  Dur  ;  and  he  la  af  dw  I 
opinion  u  mjrtelf,  tlial  ihc  arthuceitutc  tUp  lie  to  i  trougk,  ai  i^nanlal  M 

l|».>BBd3. 
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In  the  meantime,  with  reference  to  the 
Sangh  mil  section  (fig.  2),  it  may  be  noted, 
tliat  in  some  of  the  courses  of  its  sandstone 
there  occurs  a  band  so  shelly  as  almost  to 
be  called  a  bastard  limestone,  in  which  the 
Pentamenu  oblongua  is  abundant.  This 
shell  is  associated  with  Tentaculites  oma- 
tus,  Sow.,  Atrypa  hemisphteriea.  Sow.,  and 
Terebratitia  lerrata,  M'Coy.  I  attach  im- 
portance to  the  abundant  presence  of  the 
Pentamrrus  oUongu4,  Sow.,  in  association 
with  Pkacops  Stokesii,  TentaeuHteg,  and 
other  ty|)es,  as  marking,  in  Saugh  Hill,  an 
upper  |)ortiou  of  the  Lower  Silurian  rocks. 
For,  although  I  have  been  iulbnned  b)'  Mr. 
Salter  and  the  Government  geological  sur- 
veyors, that  they  have  also  found  abun- 
(hmtly  the  Penfamerui  oblongxtii  dei'p  in  the 
Lower  Sitiuiaii,  still  I  am  of  opinion  tliut  its 
most  usual  position  (certainly  the  Phacopt 
Stoketii  belongs  to  an  upper  stratum)  is 
as  above  stated.  I  tberefore  hold,  that  in 
this  transverse  section  across  Saugh  Hill 
(fig.  2),  the  Lower  Silurian  rocks  with  fos- 
sils (2)  indicate  an  ascending  series,  and 
form  the  sides  of  a  trough  on  wliich  or- 
thoceratite  flagstones  (1)  repose.  Other 
proofs  of  this  order  follow. 

Coni/lomerates,  Orthoceratite  Fliigstones, 
and  GraptoUte  Schists  of  ike  Coast  Sec- 
tion south  of  Girran. — Turning  from  the 
inland  transverse  section  just  ttescribed,  to 
the  coast,  the  geologist,  who  knows  how 
rarely  he  can  trace  the  true  Silurian  order 
in  any  sea-cliffs  and  ledges  of  the  British 
Isles,  is  not  altogether  disappointed.  But 
unluckily,  in  commencing  the  section  from 
Girvan,  and  in  proceeding  southwards,  he 
meets  with  no  trace  of  the  shelly  sand- 
stones, su  abmuiding  in  fossils  in  Saugh 
Hill  and  particularly  on  its  northern  slopes. 
Tliey  are  all  denuded.  In  following  the 
strike  of  these  beds  from  Saugh  Hill  until 
we  reach  the  coast,  they  are  there  found  to 
be  rounded  off  and  obscured ;  and  all  the 
shore  in  which,  according  to  their  strike, 
,  they  ought  to  appear,  is  simply  a  sandy 
beach  (see  fig.  3).  This  may  be  accounted 
for  by  the  fact,  that  these  shelly  sandstones, 
where  they  are  not  in  the  vicinity  of  igneous 
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Fig.  4. — Appearance  of 
the  Congloineralf  and 
Greyioarkr  at  Shalloch 
Mill. 


fl*.  Con(1oai«nt«  or  Hi^gift-^uifie. 
S.  Greywmcktf. 


rocks  (none  of  which  occur  between  Saugh  Hill  and  Oirran  harbour )> 
are  more  de.structihle  than  the  hard  greywacke-cunglomerkte  ■nd 
flagstones  which  are  now  to  be  treated  of.  On  the  beach  at  low-w«trr 
and  to  the  Noiith  of  this  denudation,  ledges  of  congloiucrate,  flagftoor, 
and  schist  are  plainly  exposed,  between  the  handot  of  SbaUoeb  and 
the  house  of  Ardwell.  Courses  of  reddish  conglomerate  arr  fir«t  am 
at  Shalloch  Mill,  nearly  two  miles  south  of  Girvan  Water  (scr  fig.  3), 
in  which  white  quartz  |)obble3  abound,  varying  in  size  from  a  child'* 
bead  to  that  or  the  fist  and  large  playing-marbles.  The  rock  ia 
much  broken  up  and  disturbed,  and  the  greywacke-idate,  cootortad 
and  twisted  up  Uke  gneiss,  is  dovetailed  between  bosae*  of  the 
pudding-stone ;  some  idea  of  which  may 
be  funned  from  fig.  ■!.  To  the  aoath  of 
Shnlloch  .Mill  the  greywacke-ll 
vertical  and  strike  'iO"  N.  of' 
tltis  band  of  conglomerate  are  bnikea  frag< 
ments  of  an  older  gre^-wacke  than  that 
with  which  it  is  aasociated.  Thm  followi 
a  succession  of  vertical  flagatooM.  tank- 
what  dislocated,  and  after  thca  me/Am 
band  of  conglomerate,  the  contmts  tt 
which  are  rather  more  brecciate<l  and  angular.  This  conglomrrat*^ 
replete  also  with  while  quartz  pebbles,  is  different  from  one  ta  bi 
presently  described,  and  is  apparently  of  about  the  same  charadtr 
as  the  conglomerate-band  above  noted  in  the  Sniigh  Hill  srctiaa 
(fig.  '2).  It  runs  out  in  a  bold  scar  cjtlled  Kellie  Rock,  visible  at  low* 
water,  and  eiihibits  the  most  |)erfect  {ias$ag«  into,  and  coofo 
with,  tb<-  greywnckc-tlagstone  and  schists. 

These  latter  beds  are  exhibiled  at  intervals  all  along  the  ihorr,  I 
as  you  advance  to  Kennedy's  Pass,  they  are  not  only  tracrah)e 
low-water,  but  jut  out  u|>on  a  grassv  flat  between  the  hills  and  tlv 
shore,  like  the  tombstones  of  a  closely  teiuwted  churchyard,  all  per- 
fectly parallel  to  each  other,  and  all  having  the  chief  strike  of  (his 
Siluriait  tract,  viz.  from  E.N.E.  to  W.S.W.  Here  and  there  thrr 
are  cut  through  by  trap-dykes :  occasionally  the  line  of  strike  a 
dintortcd,  and,  as  thev  approach  the  |)owerful  conglomeratea  aad 
tn4>-rocks  of  llyne  Uiil  and  Kennedy's  Pass,  they  offer  many  (■^ 
ratnres  and  fractures,  some  of  which  are  reprcaented  in  fig*.  4,  i, 
and  6. 

Figs.  5  &  6. — Jpp«arance  of  the  Greywacke  Flagttoiie  XortA  vf 
Krnntdy'*  Pat*. 


at  km* 

Me,  aad  ■ 
rahball 


luas^^ 


It  is  in  the  central  portion  of  these  strata  (1),  Wh  in 
and  in  gcodes,  either  of  a  slightly  calcareous  black  scliist,  or  in 
ail  earthv  Umcstone,  that  Alexander  MacC'allum  has  found  at 
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placet,  both  on  the  coast  and  in  the  interior,  a  very  large  species  of 
Orthoceratite*,  together  with  other  forms  of  that  genus,  a  Cijrto- 
eerat,  and  one  or  two  species  of  Graptolitei,  and  some  flattened 
Brachiopods,  including  Orbicula.  The  large  species  of  Orthoceratite 
being  unknown  to  myself,  and  not  being  identifiable  with  nnv  published 
species,  I  referred  it  to  my  friend  .M.  Barrande  (then  on  a  visit  to 
our  country),  and  be  recognized  it  to  be  one  of  the  Bohemian  species, 
occurring  m  the  lower  part  of  his  Upper  Silurian  division*. 

Now,  in  Bohemia  this  very  species  of  Orthoceratite  occupies  the 
came  place  as  the  greater  number  of  species  of  (wrapt uliteit,  i.  e.  the 
schists  and  flags  at  the  base  of  the  Upper  Silurian  rocks ;  and  it  is 
further  remarkable  that  there  also  it  lies  in  schists  and  nodules  of 
hard  impure  hmestone  so  like  those  of  Ayrshire,  that  on  insjiecting 
them  M.  Barrande  declared  to  me  he  might  even  jiroduce  our  Scottish 
rocks  as  Bohemian  specimens.  Such  is  also  the  position  of  the 
greater  number  of  the  Orthoeeratitei  in  the  original  Silurian  region 
of  England ;  and  of  the  species  which  specially  characterize  the  Upper 
division  we  find  here  the  O.  viryatum  (Sil.  Syst.),  a  form  to  which 
allusion  will  hereafter  be  made  as  occurring  at  Bolmae  Head  in  Kir- 
cudbright. On  the  other  hand,  in  those  Scottish  rocks  I  observed  one 
Orthoceratite  with  a  lateral  si|)lKin  which  it  is  difficult  to  sejmrate 
from  the  large  O.  vayinatum  of  Scandinavia  and  Russia,  whieb  I  have 
described  as  characteristic  of  the  Lower  Silurianf.  In  adiUtion  to 
one  or  two  other  species  of  Ortlioceratito,  whose  specific  character 

I  cannot  be  defined  in  the  absence  of  their  shelly  covering,  Mact^allum 
__  has  procured  from  the  &ame  group  a  few  speci- 

•'•'S'  '■  mens  of  Cyrtiireras  which  much  resemble  forms 

^^^^^^         characteristic  of  the  Upper  SiUirinn  rocks  of  Eng- 
^^^^^^^^        land  ;  with  these  is  found  (usuallv  nuicb  fiattened) 
^^m^B        ^  thin,  finely  striated  Orhicula,  like  (}.  utriata  of 
the  Ludlow  rocks  (see  fig.  7).    The  quesriou  then 
occurs,  is  this  zone  of  the  same  age  as  that  of  Bo- 
hemia in  which  M.  Barrande  has  collected  above 
200  species  of  Cephalopoda,  including  Orthoeera- 
lites,    Phragmoreras,    Cyrtoceras,    Gomphocera*, 
and  a  multitude  of  Oraptolites ;  the  whole  there 
1  occurring,  as   I  can  indeed  myself  testify,  in  rocks  undistinguish- 
ahle  from  those  now  under  consideration  ?     The  Grapto/ifes  in  these 
beds,  having  been  examined  by  M.  Barrande  ami  Mr.  Salter,  prove 
to  be  a  double-gra])tolitc  very  like  G.  pristis,  Hall,  a  species  nearly 
allied  to  G.  coloinn,  Barr,,  and  G.  teniiU,  Portl.     Judging  from  this 
group  of  fossils  alone,  I  should  (independently  of  the  proofs  of  suc- 
ceasion)  he  disposed  to  consider  those  orthoceratite-flags  and  grap- 
r  tolite-schists  of  Piedmont,  Ardwell,  and  Penwhapple  Bum,  as  superior 

•  Professor  M'Coy  hai,  1  find,  lately  puWijhed  (bis  species  under  the  nmne  of 
O.polilum;  but  as  this  memoir  is  intended  to  be  usteful  in  leading  Scotch  geolo- 
gists to  be  icquainted  with  the  chief  types  of  their  oldest  fossiliferous  rooks,  this 
Ortbocentite  is  here  figured,  although  it  will  prubablv  be  also  given  in  a  work 
on  the  Pala:ozoic  Rocks  now  in  course  of  preparation  by  Professor  Sedgwick. 

t  Sec  Russia  in  Europe,  vol.  i.  cliap.  2. 
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to  the  grr«t  mass  of  the  ahelly  sandstoues  of  Saugh  IliU,  MnBndk 
Hill,  &c. 

If  I  were  to  rlraw  my  inferences  either  from  the  original  SilniiBB 
regiion  or  from  the  Bohemian  Jerelupment  of  rockn  of  the  Mune  tge, 
I  should  not  Iiave  hesitated  to  ])lace  these  flagstones  in  the  lowvr  put 
of  the  Upper  Silurian  di\'isiou.  But  here  again,  as  in  relatioii  In 
other  fossils  alread}'  alluded  to,  I  am  reminded  that  forma  of  tbe 
gcuus  Cyrlocerat  have  also  been  fomid  by  the  Government 
logists  very  deep  in  the  Lower  Silurian  ;  thus  hnking  the  whule 
together  by  a  community  of  zoological  types. 

Not  relying,  therefore,  on  such  tossil  evidences  for  a  poiut  of  detail, 
which  after  all  is  of  no  great  import,  we  have  still,  I  thiuk.  fair  rtv- 
dences  of  8uper|)osition.  From  Slialloch  Mill  to  Ardwell  aiul  Ani- 
millati  (see  fig.  3),  the  strata  are  either  vertical  or  so  aligbtlj  T~ftnH 
to  the  S.S.E.  that  I  came  to  the  conclusion,  that  jnst  a<  tlM  ImI 
risible  pebble-bed  in  the  Saugh  Ilill  aacendiug  section  dipped  S.S.E. 
and  thus  seemed  to  pass  under  flagstones,  so  do  the  Slialloch  aad 
'  Kellie  IWk '  scars  (2)  stand  in  the  same  relation  to  the  orthae»- 
ratite-flagstones  (1).  It  seemed  to  me  unquestionable,  that  Xht  my 
beds  in  which  the  Orthoceralitrn  occurred  on  the  shore,  were  Vf 
their  strike  traceable  into  l^edmont  Glen,  where  they  are  aeen  in  a 
highly  indincil,  broken  condition,  and  in  parts  miiienuised.  In  drk 
oeoding  along  the  shore,  tlieae  tlagstones  arc  also  aeen  to  be  hrakMi, 
dislocated,  and  incun-ated  ill  every  possible  manner,  two  example* 
of  which  I  ofier  in  figs,  it  and  6.  Traversed  here  and  there  by 
snmll  trap-dykes,  these  flagstones  acquire^  however,  a  tteadv  dip  to 
the  N.N.W.  as  they  approach  the  bold  headlands  of  ooauomcntc 
and  igneous  ro<-k  which  range  down  to  the  bhiff  cout  noB  tlM 
grey  hill  of  Ardmillau  and  Shill  Ilill.  The  rocks  cut  throai^  B 
constnicting  the  strikiug  coast-road  which  leads  from  Girvan  to 
Uollantrae  consist,  at  the  headland  called  KL-nnnly's  Pass,  of  bv 
far  the  finest  example  of  coars*'  Silurian  conglDniemten  which  I 
have  met  witli  in  any  part  of  the  world ;  and  tlnTi-  they  dip  nxM  , 
une(|uivocally  to  the  N.N.W.  under  the  urtliuccratitistlags 
B<-hists  at  an  angle  of  lU',  as  represented  (2*)  in  fig.  3.  TUa  aeetiaB 
coming,  therefore,  with  a  rvversed  dip  in  corroboration  of  that  of 
Saugh  Hill,  my  beUef  is,  that  the  flapitones  and  tchiats  oontpy  a  dia- 
located,  contorted,  and  broken  trough,  8up|)0rted  oo  the  one  aitU  b* 
the  pebble-beda,  oongiomerates,  and  shelly  samlslones  of  Smrik  VOSk  \ 
aad  their  coast  oquiralents  of  Shalloch  au<l  KeUie  Roek.  aadoB  dtt  i 
other  by  the  coarser  conglomerate  of  Ardmilhui  Hill  and  KcnucdT'i 
Pass  on  the  coast,  and  by  the  limestone  and  schist  (i,  fig.  2)  ia  ut 
interior. 

This  spot  must  not,  howetrer,  be  quitted  without  a  descripti 
its  very  powert'ul  and  strikiug  cnngloinerate.     All  the 
this  conglomerate  are  ruundetl  and  waterwom,  and,  according  to  1 
fr<«ur  JamcHin,  noiue  of  the  |>ebbles  which  he  bad  stvu  many  Jtan 
ago  seem  to  indent  each  other ;  au  observation,  I  may  remark,  \  '  '  ' 
agree*  witli  one  recently  made  by  .M.  de  Vemeull  iu  rxaminiag  tkt  I 
conglomerates  of  the  DeTOoian  or  Uld  Red  Sandstone  aoe  ia  tke 
Caiiiabrian  range  of  Spain.     Pmfriitnr  Niml  nml  inr n  If  iliitii^iiiahrrf 
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upwards  of  twenty  varieties  of  rock  among  the  pebbles,  v«rying  in 
dimensions  from  the  size  of  musket  bullets  to  two  and  tliree  feet 
diameter.  Among  them  are  small  specimens  of  earthy  greywacke  and 
er  ones  of  hard  siliceous  greywacke,  Lydian  stone,  homstone  of 
ious  colours  passing  to  porphyry,  dark  red  jasper,  red  jaspidified 
spar-rock,  broken  and  rc-cemented  in  the  pudding-stone,  granites 
of  red  honiblcudic  and  grey  syenitie  varieties,  and  also  the  pro- 
;ine  variety  of  that  rock,  grey  porphyry  with  long  acicular  crystals 
^felspar,  brown  and  red  felsj)ar-porphyrv,  occasionally  with  highly 
lished  surfaces,  porphyritic  felspar-rock  or  C'onieen,  greenstone, 
Ih  common  and  porphyritic,  &'c.  All  these  varied  materials,  none 
of  which  are  like  the  old  crystalline  rocks  of  the  Ilighlands,  whilst 
some  were  even  undistinguishnble  from  igneous  rocks  which  we  know 
to  be  of  posterior  eruption  to  these  very  conglomerates,  are  cemented 
in  a  matrix  of  quartz  and  dark  brownish  clay  (decomjiosed  greywacke) 
Hstb  some  scales  of  mica,  fragments  of  hornblende,  and  occasionaJ 
Inns  of  fibrous  calc-spar. 

Tlie  conglomerate  in  this  locahty  is  several  hundred  feet  thick, 

jnd,  mounting  up  in  slopuig  terraces  on  the  shoulders  of  the  trap- 

^■cks,  ranges,  with  some  courses  of  intercalated  sandstone,  into  the 

^Btfrior.     Such  conglomerates  are  also  met  with  at  various  places 

inland ;  for  we  traversed  one  band  in  passing  to  Barr,  a  few  miles 

distant  from  the  coast.    Seeing  that  various  courses  of  conglomerate 

are  subordinate  to  the  shelly  sandstones,  and  believing  that  the 

^■onp  supports  the  orthoceratite  and  graptolite  schists  which  have 

^■en    described,  I  cannot  divest  myself  of  the   opinion,  that   the 

^bjiermost  of  these  conglomerates   (of  which   I   believe   there  are 

^Breral  courses  at  various  horizons  in  tlie  sandstone  of  this  region) 

IS  not  far  removed  from  the  upper  limit  of  the  Lower  Silurian  rocks 

of  Scotland.     The  ajialogy  of  the  English  Silurian  rocks  favours  this 

■^ ;  for  in  tliem  the  pebbly  conglomerates  which  are  of  most  im- 

^Mtauce  occur  in  certain  districts,  as  at  Presteign  near  Welshpool, 

^Blvards  the  upper  limits  of  the  Lower  Silurian.     As  in  the  Welsh 

^Bamples,  the  most  powerful  of  these  Scottish  Silurian  conglomerates, 

or  that  of  Kennedy's  Pass,  though  on  a  nuicb  grander  scale,  is  also 

Jilt  of  liical  develojimcnt,  antl  the  Uolieuiinn  section  is  also  analogous  : 

Hcliall,  indeed,  give  a  transverse  section  of  all  the  Silurian  strata  in 

^fce  heart  of  the  South  of  Scotland,  from  the  N.  of  Dumfriesshire  to 

Balmae  Head  in  Kircudbright,  which  exhibits  no  trace  of  sucli  a  rock. 

t  Limestones  anrl  Schists  {with  Trap  Hocks). —  Let  us  now  con- 
ler  the  character  and  relations  of  the  limestones  which  appear  at 
lenals  in  the  more  southern  tract  watered  by  the  Stinchar  Ri^er 
and  its  tributary  the  Assell.  A  very  large  portion  of  the  coast  from 
the  conglomerate  of  Kennedy's  Pass  to  Hallantrae  is  occupied  by 
eruptive  rocks,  consisthig  of  greenstone  and  poqihyry,  with  much 
diallagc  rock  and  serpentine,  some  purple  and  sj>otted  varieties  of 
which  reminded  me  of  the  serpentines  of  Coverack  Cove  in  Com- 
ill.  Metamorj^ihic  schists  are  also  aliuivdiint.  Occupyiug  Bennan 
and  extending  to  some  distance  inland,  the  intrusive  rocks 
irp,  however,  most  of  the  surface,  and  separate  the  limestones  of 
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the  Stinchar  from  the  Silurian  rocks  of  the  Girrmn  diitriet.  Otoe  ot 
the  most  striking  of  these  eruptive  hilU,  aiid  in  form  not  ualik« 
Arthur's  Seat  near  EJiuburgh,  ia  Knockdoliau,  on  the  jif^t  Imakvt 
the  Stinchar,  wliich  tlirows  off  one  shoulder  to  Cotmonel  uid  >nnilirT 
to  Balkntrae,  whose  old  castle  stands  npon  the  rock.  The  lower  and 
seaward  slopes  of  this  trsppean  mountain  arc  coveml  with  much  drift, 
which  there  occupies  ternusea *.  Geolojcists  may,  iodr«<l.  be  wupriMd, 
when  thev  throw  their  eveoTcr  MacCuUoch's  Gcolofncal  Map  w  Scot* 
laud,  and  ohsen'o  tliat  whilst  all  the  tract  around  Oirraa,  wludk  hm 
just  been  cited  as  so  eminently  Silurian  by  its  fossils,  ia  ooioand  M  Old 
Red  Sandstoue  ;  so  in  Uie  district  now  under  notice,  not  A 
igneous  rock  or  limestone  is  indicated,  the  whole  btiflg  hi 
greywacke  or  clay-slate !  And  yet  the  loAy,  lichco-eormd 
diffs  of  ser[)entine  and  greenstone,  as  exposed' in  the  amward 
Bcnnan  Ilrnd,  form  an  pirtorial  a  scene  of  igneous  rocks  ■ 
Scotland.  It  is  in  tlir  eruptive  rcx^ks  (chirtly  iier])rnttn(MU  ■ 
h^pc),  which  throw  off  the  cunglomemte,  tlmt  most  of  the 
and  chasms  prevail ;  and,  even  as  an  admirer  of  tine  ncenerv,  I 
r^ret  that  this  grand  coast  section  has  not  been  sketched  by  a 
artist  and  made  known  to  the  public. 

PKiceeding  inland  from  the  rugged  headland  of  Bennon  to  its 
equally  igneous  neighbour  Knockdohan,  a  limestone,  lirat  visited  t 
believe  by  Mr.  J.  Carrick  Moore,  is  seen  to  be  worked  at  the  Cv 
of  Bogang,  not  far  distant  from  the  north  slopes  of  the  latter.  Al- 
thongh  close  to  an  rnintive  mass,  the  strike  of  this  Hniwtooa 
shale  is  ncarlv  that  of  liic  Silurian  strata  of  the  region,  and  the 
is  to  the  »out\i  or  towards  the  igneous  rock.  The  chief  maaa  oT 
limestone  is  of  verv  dark  colour  with  white  reini^  and  aMpjr, 
pentinous  nahlbaHit*.  lite  fossils  chiefly  occur  in  the  atesm 
and  underlying  shale-oourses,  and  the  collection  we  made  eooiiiti 
Orthis  rirpata.  Sow.,  O.  romfinis,  Salter,  Maelnrf  mafnm,  Hall^ 
MurrhUonia,  and  a  fragment  of  a  large  holelwf^.  \m  the  Oftkil 
mrffata  ocrurs  in  the  limestone  of  Peebleshirt*,  ai  alao  WK^ 

ciated  with  ■  x|>eries  of  Itofelut,  it  is  fair  to  init-r  :  -.■  >ck  of  A^ 

gang,  as  well  as  that  of  Craig  Head  north  of  Girvan,  i*  of  tbe  ■■* 
age  as  the  stratum  described  bv  Prufe-tsor  Nicnl,  which  be  htt^  I 
think.very  properly  referred  to  tiie  age  of  the  I.landeilo  Aa{^. 

On  the  left  hand  of  the  Stinchar  and  opposite  to  the  ntlage  d 
Colmonel,  Umestoue  has  also  been  Umg  quarrietl  from  mder  tw  sM 
castle  of  Craig  Neil,  inliahitcd  formerly  by  Nigvl,  the  brother  of  Kisf 
Robert  Knice.  The  rock,  in  which  some  fo!L-<iUare  vi'ublr,  haa  tWn 
been  thrown  np  into  a  conical  hummock,  and,  from  it*  aUincd.  6ae- 

*  The  flat  tbore  it  BslUntrse  also  evp<vi(i  nntU  huriiontal  UJ^wn^a  lUJi* 
tUA-boddcd  dark  led  taadstone  (Me  M  n  tBaaHeMy  TtmmftH'      ' 

iktUaedradsaadslMMafihlseaaat.    A  ••  ooi  fxHod  ta  Arte 

with  t«oan«v,  I  pmone  it  aait  be  cU«»  <i  »i;n  tb«  newer  Mti  Sawti 
venr  looM  i«rm— flf  Dwaftietshiie  and  CumbrrUuid. 

f  KotlufltMMfMdbwereflnt  obtaiuni  1.^  Mr  I  i\rMi  Ucon.  TiM  ni- 
lecitoa  aiade  b;  ProfcMor  SedgwicW  conia  no  nihvr  tmSk.    Tbt 

Msekresfeaad  iicf*  M  ■  dHTetcnl  tpeetcslu  1  inrtt 

b«fetg«edlaPl.VIIL(tg.  7. 
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tured,  and  distorted  aspect,  is  probably  affected  by  tl>e  trappean 
eruption  to  which  KaockdoliBn  Hill  and  the  valley  of  the  Stiuchar 
owe  their  origin.  At  Aldeans  quarries,  about  three  miles  N.E.  of 
Colraonel,  and  in  hills  above  the  right  bank  of  the  Assell,  the  same 
limestone  as  that  of  the  Bogang  Farm  and  Craig  Neil  is  quarried  in 
dislocated  masses.  This  dark-coloured  rock,  containing  Maclurea 
and  the  same  fossib  as  in  the  other  loiudities,  is  in  most  parts  either 
thick-bedded  or  amorphous,  of  a  highly  altered  character,  and  very 
fetid  under  the  hammer.  As  at  Bogang,  trap  and  serpentine  protrude, 
and  one  fine  specimen  of  Maclurea  as  well  as  the  smaller  fossils 
obtained  are  coated  over  with  seqientinous  matter.  Here  the  rock 
has  been  wrenched,  contorted,  and  partially  deflected  from  the  true 
strike  ;  for  at  the  east  end  of  the  quarries  the  beds  farthest  removed 
from  the  centre  of  disturbance,  and  which  are  laminated  and  nndular, 
dip  40°  to  the  E.  and  by  S.,  or  awaj*  from  the  trappean  eruptions. 

It  is  worthy  of  remark,  that  parts  of  the  surface  of  the  limestone 
have  been  covered  with  a  pebbly  conglomerate,  which,  although  it 
dips  generally  with  the  inferior  limestone,  seemed  to  me  to  overlap  it 
with  a  slight  unconformity,  or  at  all  events  to  have  been  deposited 
on  tile  eroded  surface  of  the  limestone.  This  point  of  observation 
is  not  to  be  neglected  by  those  who  may  hereafter  be  called  upon  to 
decipher  more  closely  the  features  of  this  contorted  region ;  for  it 
might  prove  the  existence  of  a  dislocation  in  the  South  of  Scotland, 
which  may  explain  the  occurrence  of  the  veiy  coarse  conglomerates, 
and  also  lead  to  the  identification  of  some  of  the  sandstones  with  the 
tnie  Caradoc,  and  of  others  with  the  sandstones  and  pebble-beds  of 
Llaudeilo  age,  delineated  by  Prof.  Itamsay  as  lying  unconforniably 
beneath  the  Caradoc*.  It  occurred  to  me,  therefore,  that  if  the  con- 
glomerate of  Kennedy's  Pass  be  one  of  the  highest  in  the  district, 
this  of  .\ldeaiis  might  be  one  of  the  lowest  or  oldest ;  since  the  fossils 
of  these  black  limestones  induce  us  to  consider  them  as  belonging  to 
the  most  ancient  recognizable  Silurian  band  of  this  region.  It  is 
indcfd  manifest,  that  the  whole  of  the  series  of  the  shelly  sandstones 
of  this  district  is  diversified  and  swollen  out  by  courses  of  conglome- 
rate, which,  however  thick  and  powerful  in  one  locality,  thin  out 
upon  the  strike  and  are  not  persistent  in  the  general  masses  of  the 
greywaeke  of  the  South  of  Scotland.  The  Sihirian  conglomerates  of 
Scotland,  therefore,  are  to  be  viewed  as  pheenomeua  of  much  more 
local  character  than  those  of  the  Old  Red  Sandstone. 

In  regard  to  the  chief  limestones,  I  believe  that  they  are  all  of  the 
same  geological  age,  and  that,  together  with  the  schists  associated  with, 
and  beneath  thc'm,  they  form  the  lowest  band  of  the  Lower  Silurian 
group  of  Ayrshiref.    The  species  of  Orlhidie  and  the  Trilobites  they 

"  See  Jonm.  Gc«l.  Soc.  vol.  iv.  p.  296. 

t  The  prewtice  of  a  fiirm  of  Maclurea  would  not  in  itself  he  sudicipnt  evidence, 
the  ^niis  hnving  lieeu  foiiiid  in  rocks  of  Devonian  age  at  the  RittlicrK,  two  Ger- 
iDui  mile*  S.W.  of  Olniiitz  in  Moravia,  by  M.  ilc  Vernoinl,  Count  Keyserling,  »nd 
iny^elf.  Wc  there  found  it  with  au  abundance  of  Devonian  foasili  in  deep-coloured 
Ume«toDC&  ovcrlving  other  rockit  more  or  less  metamorphosed  which  are  probably 
of  Silurian  age  (tee  Jtmesou'i  PliiL  Joum.  Edia.  1847,  vol.  xliv.  p.  77). 
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contain  are  indeed  sutticient  to  settle  this  potiii,  whilst  the  Mathtrim 
is  a  good  Lower  Silurian  type  in  North  America. 

Looking  at  the  tract  in  which  these  insulated  maMrs  nf  liuiiitnw 
occur  as  one  of  powerful  eruption,  it  is  natural  indeed  wc  shouU  bid 
still  older  rocks  brought  to  day  than  any  which  are  visible  in  llw 
tracts  on  the  banks  of  the  Girvan  Water,  where  the  igneous  rock.*  an 
much  less  rife.  The  limestones  of  the  Stinchar  are,  therefore,  to  be 
considered  simply  as  insulated  masses  of  Lower  Silnrian,  which  hav* 
been  forced  into  their  positions  along  shar])  nntirUnals,  awittwl  hj 
the  action  of  the  eojiious  igueous  rocks  ;  which  have  dinjoioted  tbflB 
from  the  conglomerates,  sandstones,  and  schists  of  llie  Girvan  diatrict. 
It  is  fair,  therefore,  to  infer,  that  the  protriuion  of  these  limratoon 
with  their  underlving  schists  marks  two  other  sharp  iimhilatiotw  or 
antichnal  lines.  Thus,  in  prolonging  the  strike  of  the  liof^sng  rock, 
it  is  found  to  be  coincident  with  the  Aldcans  quarry  and  the  wbob 
course  of  the  l'p|>er  Stinchar  above  its  junction  with  the  Aiaellt 
whilst  the  anticlinal  of  the  Cnug  Neil  limestone  coincides  with  tht 
course  of  the  Lower  Stinchar  from  Pinwhirry  Castle  to  the  an  (see 
Man). 

The  occurrence  of  five  or  six  axial  lines  in  a  traverse  of  less  than 
eight  miles  directly  across  the  strata  b  an  important  feature  which 
will  be  aflcrwards  dwelt  u{M)n.  In  the  mean  time,  it  may  lir  aaid, 
that  the  Ayrshire  Silurians  contain  evidences  both  zoological  anl 
atratigrajihical  (the  one  method  helping  us  where  the  utiirr  fails),  to 
show  that  some  of  their  strata  are  of  the  age  of  the  Uaadeila  M 
Data  Umeiitone,  whiUt  others,  including  the  conglotnerat«s,  bdoog  to 
strata  extending  upwards  to  the  zone  of  the  Canuloc  MUM* 
Whether  the  orthoceratite  schists  and  flagitonm  will  ■!«>  be  ( 
with  the  Lower  Silurian,  or  form  the  base  of  the  Upper  Silnrian  i 
must  be  a  subject  of  future  discussion  ;  although  it  is  manifMt  i 
all  these  iiibdivisious  here  form  one  natural  group  only. 

The  only  (loiiit  of  detail  on  which  mv  associate,  ProfeMor  Nieol,  oi- 
tertaius  a  different  ojiiniou  to  that  w)iich  I  hsv*  NCMtod,  ia  tkH 
he  Bunnises  that  the  shelly  sniidntones  (2)  of  8«mll  wO  wmj  OVoIm 
tile  orthcM-eratite-Hags  (I),  tie  grounds  his  view  on  the  impmnaa 
which  he  has  takeu  of  the  physical  structure  of  this  much-oWored 
tract,  and,  as  he  wa>  diaposed  to  think  that  ulterior  rtatmKhet  might 
establiiJi  his  view,  I  pre«eiite<l  his  two  ideal  sections  n(  the  enast  aod 
the  interior  to  the  Geological  So<-iety.  I  cannot,  however,  atlinil  the 
iiossibiUty  of  separating  the  conglomerate  from  the  shelly  saadstottes; 
iM-cauBC  in  this  very  tract  of  Scotliuid  I  saw  pebble-beds  iulemdatal 
and  repeatc<I  in  tluit,  which  from  its  fossils  I  consider  lo  be  theci|ii^ 
vnleiit!!  (if  the  Caradoc  or  Llandeilo  satidstonea,  paiaiiif;  down  iail 
limestone  of  the  age  of  LlandcUo  aod  Uala  ;  in  one  sfiot  formiOKt 
iiiitiirduttely  above  the  lower  limMtone.  in  another  nrurringat  i" 
liorizons  in  the  Bsc<>nding  order,  nntii  they  form,  as  at  Ke 
I'ass,  the  very  n-markable  mass  which  supports  the  flagstooea 
•dusts  with  OrtAocfralttM  and  GmptolilM. 
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B.  Schistose  Rocks  ranging  tbrough  Wigtonshirk  and 
Galloway  to  Kircudbright. 

It  \rould  be  presumptuous  in  any  one  who,  like  myself,  merely 
made  one  transverse  section  of  them,  to  pretend  to  define  the  precise 
relative  age  of  the  schists  of  Wigtonshire  which  succeed  on  the  south 
to  those  of  Ayrshire.     Mr.  J.  Carrick  Moore  aud  Mr.  Salter  have 

■  already  described  some  of  their  Graptolittt*,  and  Professor  Sedg- 
wick has  visited  the  localitieji  aud  is  better  acquainted  with  them  than 
myself. 

Referring,  however,  to  the  opiuion  already  expressed,  that  the 
limestones  and  asso<-iated  strata  of  the  Stinchar  arc  the  oldest  rocks 
of  the  tract,  aud  also  that  the  portion  of  them  in  which  any  stratifi- 
cation is  visible  di[is  southward,  it  might  be  suggested,  that  the  schists 
of  Wigtonshire,  iu  which  the  Graptolitea  occur,  may  iwssibly  lie  above 
them ;  but  I  have  formed  uo  decisive  opinion  on  this  point. 

To  the  south  of  Ballantrae  all  sequence  of  the  stratified  masses  is 
again  cut  off  by  a  large  devoiopment  of  igneous  rocks,  which  form  the 
chief  eastern  headland  of  the  mouth  of  Loch  Ryan.  We  have  thus 
ample  space  for  another  great  axis  and  repetition  of  shelly  sandstones, 
&c.  Mr.  J.  Carrick  Moore  has,  indeed,  it  seems  to  me,  done  much 
to  indicate  an  eqitivnlent  of  such  by  having  found,  as  he  has  recently 
informed  me,  masses  of  vertical  couglomerate  very  similar  to  those 
of  Kennedy's  Pass  at  the  point  of  the  headland  of  Fiunart  and  to  the 
south  of  all  the  trappean  cliffs.  This  conglomerate,  therefore,  when 
prolonged  upon  the  strike,  lies  in  an  iuterniediate  position  ;  the  great 
trappean  aud  limestone  region  being  on  the  north,  the  Wigtonshire 
schists  on  the  south.  Little  evidence  is  obtained  on  the  sides  of  the 
high  road  which  passes  uiland  by  Glenap  Lodgef.  «'i<l  owing  to  in- 
trusive Iwsses  of  trap  the  strata  are  ia  great  disturbance  and  luidu- 
lation.  ."Vs  soon  as  we  pass  over  undulations  of  worthless  greywacke- 
sandstone,  which  is  exhibited  in  a  rude  anticlinal,  this  tract  is  seen 
to  consist  almost  exclusively  of  schists,  on  the  whole  much  re- 
sembling the  *  rotch '  and  mudstone  of  S.  Wales.  In  a  rough,  rocky 
glen,  which  leads  down  to  the  valley  of  the  Fiunart,  the  rocks  pre- 

tsent  ail  that  irregularity  or  confusion  of  stratification  so  prevalent  in 
the  scliists  and  '  rotch '  of  S.  Wales,  with  numerous  imperfect  clea- 
Tages  ;  but  after  some  rude  undulations,  acquiring  more  of  a  flagstone 
character,  the  beds  pitch  southwards  at  a  high  angle,  and  thus  con- 
duct the  obser^-er  to  the  well-known  »late-<piarries  of  Cairn  Ryan. 
There,  as  Mr.  J.  Carrick  Moore  has  sliomi,  Graptolile/i  both  folia- 
oeous  and  simple  abound.  There  are  no  slates  (at  least  none  that 
Professor  Sedgwick  would  admit  to  be  such)  in  the  quarries  of  t'aim 
Ryan  ;  but  tliose  used  for  roofing  are  simply  finely  laniitiated  flag- 
stones. The  surfaces  of  the  beds  have  here  and  there  a  most  re- 
narkable  polish,  and  are  farther  remarkable  in  exposing  Graptolile* 
pread  along  the  Inminw  of  dcj)osit.  Some  of  the  surfaces  of  the  beds 
are  even  a  slightly  rippled  surface,  and  curvatures  occur  here  and 


ttere. 


•  loc.fil.p.  15,  16.  PI.  1. 


t  The  teat  o{  (be  Eart  of  Orkney. 
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To  what  extent  the  gtratA  of  this  fonnatiuu  mny  uxidulate  or  be 
repeated,  from  the  parallel  of  Stranraer  towards  the  bay  of  Luce  oa 
the  south,  I  had  no  means  of  detrrmininz.  The  country  so  d««limi 
in  altitude,  and  its  outhnes  are  so  rounded  off,  that,  exrept  in  the  •(•- 
cliffs  of  tlie  Mull  of  Galloway,  Uttle  can,  I  apprehend,  be  Icanwd. 
There,  I  am  informed  by  Mr.  J.  Carrick  Moore,  some  rcrmed  di|M 
occur,  together  with  ij;neous  rocks. 

Having  passed  by  Glen  Luce,  however,  and  thence  eastwards  hj 
Newton  Stewart,  across  the  granitic  region  of  Cairn's  Muir,  Prof. 
Nicol  and  myself  then  traversed  the  whole  series  by  proceeding  (Van 
New  Galloway  to  Castle  Douglas  and  Kircudbright  and  Balmae  HeaiL 
In  tliat  section  we  were  satisfied,  that  the  same  strata  were  rrpealed, 
both  in  numerous  undulations  and  also  by  longitudinal  faults.  TIm^ 
tlie  larger  portion  of  Galloway,  wherever  granite  and  porphrnf  do 
not  intrude,  presents  a  monotony  of  outline  which  is  easentially  ilnt 
to  the  undulation  of  the  same  soft  decom[>03ing  schists  which  I  IB 
disposed  to  refer  to  the  lowest  members  of  the  Upper  Silurian  rotka.     . 

Advancing  from  New  Galloway  to  the  south,  and  aa  Kwn  M  «*  ■ 
were  free  from  the  local  influence  of  the  granite  of  Cairn's  Mob.  wf  * 
found  numberless  low  ledges  of  grej-wacke  schist  trending  chiefly  fWm 
E.N.E.  to  W.S.M'.,  in  some  of  which  the  beds  dipped  south,  ia 
others  north  ;  the  latter  dip  prevailing.  This  also  obtains  ne«r  Cailk 
Douglas  ;  and  that  the  same  undulations  continue  to  Kirctidbrigbt  b 
plaiiuy  seen  in  the  bed  of  the  transverse-flowing  river  Der,  whidi 
often  exposes  strata  dipping  both  N.  and  S.  In  this  manner  wr 
reached  one  of  the  southernmost  headlands  of  the  Scottish  alioit 
without  being  able  to  affirm  that  we  were  in  strata  of  vonnger  ee 
older  age  than  those  we  left  at  New  Galloway  uti  the  ncirtfi. 

In  Balmae  Head  itself,  which  Mr.  Nicol  and  myself  e\: 
there  are  the  same  repetitions  with  many  fractures.  Pn; 
so  many  fossils  have  been  foinid  in  this  place  by  Mr.  M.  ..i:  .-  l 
Kircudbright  and  otluni.  that  but  little  duubt  can  remain  cm  i .  r;  i:  • 
the  age  of  these  rocks.  The  cxatniiiatiuu  indeed  of  the*e  Kinu. !':.,•  • 
fossils  by  Mr.  Salter  indii-atcs  that  those  beds  could  not  I  '  !  ■ 
than  the  Wenlock  shalef.  IVof.  M'Coy  has  identified  two  ir  :i  t)  ■ 
■amc  locality  with  Trenton  Limestone  species  of  X.  .NrntiicB,  Ui 
with  a  mark  of  doubt,  and  one,  LrptitHU  altrrnain,  without  doofatt- 

They  differ  so  essentially  fron»  the  fossils  of  the  Stinrhar  tai 
Girvan  banks,  that  one  can  hardlv  hesitate  in  c<)n»idrring  theacftnte 
of  Kircudbright  as  sujxTior  to  fliosc  of  the  .Vyrshirr  grotip.  Nar 
is  there  any  extraordinary  thickness  nf  ^trnta  to  imiiedc  nur  armiaK 
at  this  conclusion  :  seeing  that,  by  umlnlntinn  am!  d  thnnn 

fracture,  all  the  sedimentary  deposits  of  M'igton,  (    .  ,  wbA  Ktf- 

•  TTic  Karl  of  Srikitk,  F.G.S.,  pniprieiur  of  HsImM  [Uad  aad  Ike  HIkMI 
OMntry,  in(i>rn>r<l  nir  koihc  \t^nL  tgii  of  thr  ilitcutery  of  certaia  OtrfAaMraMl^ 
aaaeg  «hich  I  thrn  r.  '  c  O.annulalvm  and  other  Wenlock  tiialatTfik 

ndfton  (hat  momrtit  :  Joubt  that  tbc  rockt  were  I'pperSilaiUB.    Rh 

Inrdtliip  hai  reoeatlv  Knt  mc  a  lew  other  IbaUa,  eoUaet«4  by  iir.  noalaf.  «Mdl 
oonAno  the  viewv  oi  llr*  Saltce- 

t  8m  list  of  ftmiM,  Quart.  Joan.  Grol.  Soe.  «o1.  ir.  p.  206,  a«4  «aL  fi.  y^  j 
»4.  M.  :  Ktfnn  Brit.  .Vmoc.  for  I  MO,  pw  107. 
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cudbrigbt  belong  to  one  aiid  the  same  group,  which  is,  oil  the  whole, 
a  younger  formatiou  than  the  Ayrshire  rocks,  and  must,  I  conceive, 
I  be  classed  as  Upper  Silurian. 


I 


|C.  Dumfriesshire;  Sections  across  the  Central  Silurian 

Region. 

I  will  be  as  brief  as  possible  in  stating  the  principal  facts  which 
fell  under  the  notice  of  my  associate  and  self  in  the  very  general  sur- 
vey we  made  of  Dumfriesshire.  This  country  had  previously  been 
examined  by  Professor  Sedgwick,  who  had  collected  many  Grap- 
lalites  from  it,  which  have  been  recently  described  by  Prof.  M'Coy. 
Mr.  Ilarkness  had  since  our  visit  contributed  many  details*  concern- 
ing what  he  has  termed  the  Silurian  rocks  of  that  district,  and  has 
also  described  some  Graptotifesf.  In  examining  these  rocks,  even 
up  to  the  extreme  nortliern  frontier,  near  Saiuiuhar,  there  is  an 
almost  total  absence  ol'  limestone  and  of  any  beds  Uthologically  re- 
sembling the  shelly  sandstones  of  Avrshire.  The  Caledonian  railroad 
has,  in  fact,  laid  open  an  excellent  section  of  all  the  strata  from  Lock- 
erby  on  the  south  by  Beattock  near  Moffat.  Attaining  its  summit- 
level  in  the  vrild  hills  whence  the  sources  of  the  Clyde,  the  Evan,  the 
Annan,  and  the  Tweed  arise,  this  railroad  descends  to  Abingtou  be- 
fore it  emerges  from  the  rocks  of  this  age  and  enters  into  the  coal- 
fields of  Lanarkshire. 

In  examining  the  cuttings  near  Beattock,  Prof.  Nicol  and  myself 
detected  one  anticlinal  north  of  that  place,  at  which  hard  purple 
grey  wacke-sandstone  passes  under  black  carbonaceous  and  anthracitic 
schists,  which  in  the  bed  of  the  rapid  burn  and  deep  glen  ofGarpool 
has  afforded  Graptolitet  to  the  persevering  search  of  Mr.  Ilarkness. 

We  also  recognised  the  eontiiiuatioii  of  the  great  trap-dykej  of 
Coates  Hill  above  Moffat,  which,  striking  from  N.W.  to  S.E.,  re- 
appears at  Craig  Fell  II ill  ou  the  rigiit  luuik  of  the  Annan,  and  is 
probably  continuous  to  the  igneous  dykes  ou  the  Esk  near  Lang- 
nolme,  whose  embranchmeiils  pass  near  Dumfries§. 

Besides  the  flexure  near  Beattock,  we  observed,  between  that  place 
and  Aachen  Castle,  that  beds,  consisting  of  strong  greywacke-flagstones 
or  schists,  often  nearly  vertical,  dip  at  high  angles  to  the  S.S.E.,  whilst 
OD  the  ascent  of  the  railroad,  as  seen  at  the  Greskin  cuttings,  and  at 
other  places,  they  plunge  shar[)ly  to  the  N.N.W.  at  an  angle  of  7a*. 
This  latter  dij)  is  apparently  coutiauous  for  some  miles,  the  strata 

*  Quart.  Journ.  Geol.  Soc.  vol,  vii,  p.  46. 

+  Ibid.  vol.  vii.  p.  58.  &  PI.  1.  J  Loe.  eit.  p.  48. 

i  Nngcologitthu  previouily  described  this  very  remarkable  dyke;  still  leu  hai 
it  been  laid  down  in  a  map,  though  its  length  probably  exceeds  twenty-five  miles. 
At  Coatei  Hill  it  is  an  aiuygdaloidal  basalt  .^tbe  fine  prisms  of  which  dip  75°N.W., 
their  ends  forming  a  peculiar  mass  in  contact  vcith  the  greywacke  which  they 
travente.  Ou  the  faces  of  the  joints  some  serpentine  appears.  The  kernels  in  the 
mass  consist  of  white  carbonate  of  lime,  smaller  portions  of  which  are  so  diffuted 
ttirough  the  rock  with  chlorite  and  min\ite  cr}stals  of  Labrador,  that,  like  the 
prismatic  trap  of  Welshpool,  it  formi  an  excellent  and  tractable  building  itooe 
(■ee  '  Silurian  System,'  p.  288). 
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consisitiiig  of  flagpy,  prey -coloured,  ana  purple,  hwtl  grejrwat  Ite  willi 
occasioual  cour^^i-s  of  blaf  k  scliuu. 

At  Ilai-  Cleugh,  near  the  tunipike-gate,  anj  one  looking;  at  diB 
fonn  of  tlie  Hiljneent  hills  ou  the  east  would  siip^Miie  that  tJie 
tilonc  on  the  north  was  an  escarpment,  and  that  the  MtmU 
really  he  found  to  dip  in  the  direction  of  the  soutlieru  gnille  i 
The  actual  section,  however,  of  the  railroad  shows  the  »ery  nrttwe, 
and  exhibilM  the  strata  phingine  N.N.W.  at  angles  varyinc  from  iff 
to  5U°.  Professor  Sedgwick,  who  had  previously  exaininea  this  Inrt 
and  collected  niany  Crajitoliffs  from  it,  invited  me  indeed  to  try  la 
mark  the  real  axis  of  this  central  country  hy  atteudiiie  to  the  tains  nd 
scarp,  or  short  and  long  slopes  of  these  mountains.  But  howrrrr  mfl 
I  found  this  outline  explained  the  folds  of  the  strata  in  tlic  Aim*, 
the  test  was  worth  nothing  in  this  the  highest  tract  of  the  SooUl  tt 
Scotland. 

In  advancing  to  the  summit-level  of  the  railroad,  whrTTrrr  •  dip 
is  exposed  it  is  still  to  the  north  ;  but,  as  cousidernble  »|uirrs  arr  ol^ 
•cured  and  dennde<l,  and  no  cuttings  arc  visible,  it  t>  prvibablr 
tliere  may  he  rapid  flexures  and  fractures  which  canuut  In.- 
in  this  rounded,  grassy  countrj-.  .\t  the  last  cutttngt  i  ^^ 
summit-level,  pur|ile  greywai-ke  is  followed  by  hard  gloMT  adibU  «fll 
cjuartz  veins,  crystals  of  iron  pyrites,  &c.,  tlie  whole  dipping  75'  fa> 
tne  N.  or  N.N.VV'.  The  descent  of  the  railroad  exjioses  only  two 
cuttings,  the  valley  being  level  and  thickly  covered  with  drift ;  but 
these  also  exhibit  a  northerly  dip,  aiul,  from  all  that  is  Tiaibkw  I 
same  inclination  is  really  continued  to  Abington!     Profe 

who  examined  the  counlrv  near  that  pUee  whilst  I  tumrd  to  the  I 

to  look  at  the  strata  near  Ix)ckerby,  could  detect  there  no  trace  of  tr«t 
limestone,  but  he  found  a  light-grey,  flinty  slati-,  unlike  any  rodtl 
had  previously  seen,  and  evidently,  as  he  thought,  mrlarao 
Ainong  those  beds  was  a  rude  breccia  of  |irismntic  clay-slatr  t 
with  limestone  ;  the  fragments  of  the  latter  having  much  the  i  _^^ 
and  as(>ect  of  the  Wnie  limestone  in  I'eebleshire,  wliicli,  auuuidiaytP 
the  genera]  strike,  b  in  the  direction  to  which  this  breccia  wooid  fl^ 
tend.  It  is  therefore  probable  that  the  breccia  is  a  tliiu  contiaBifliM 
of  the  Wme  limcstuue,  broken  up  and  altered  by  the  red  fUspaMW^ 
phyrics  and  other  igneous  rocks  which  abound  m  this  district.  TUl 
IS  the  tract  of  all  others  hi  the  South  uf  Scotland  where  the  gitj- 
wacke  and  clay -slate  have  Im-cu  most  modified,  as  around  the  mm 
of  the  porphyry  of  Tinio  Hill  and  in  the  Lead  Hills.  It  has  i 
the  greatest  amount  of  metalhferous  veins,  and  in  ancient 
was  the  site  of  gold-works  amidst  the  drift  derived  fron^  •'•'•  -'• 
rucks.    A^'e  cannot  look  for  order  bi  such  a  tract.     If,  in  al- 

carrous  breccia  above  alluded  to  be  really  the  e<|uivaleiii  i.i  i  m-  '«V  tm 
liniextune,  it  seems  rational  to  iufer  that  the  masses  of  schist,  fMig 
out  from  beneath  it  to  form  the  highest  hills  of  the  region,  mm,  m 
Profeaaur  Nicol  suggested  in  lSI9t,  and  revived  in  a  £anaBMi  Ik 

*  Sm  <)iNut.  Jew*.  Gt«l.  Soc.  Tol.  v.  n.  339  tt  tt. 
t  /M.  vol.  ri.  |k  61. 
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the  last  Meeting  of  the  British  Association  at  Eduiburgh,  the  ohlest 
strata  in  the  South  of  Scotland*.  But  the  subject  calls  for  closer 
researchef)  before  the  question  can  be  decided,  and  before  we  can  class 
the  Moffat  and  Dumfries  group  in  the  lowest  division  of  the  series. 

lu  the  immediate  neighbourhood  of  Moffat,  I  made  one  detailed 
section  of  a  few  miles  across  the  strike  on  another  parallel  (partly  in 
company  with  Mr.  Harkness),  which  also  exhibited  a  very  great  per- 
sistence in  a  northerly  dip ;  i.e.  from  the  Craigic  Burn  and  Hunter 
Heck  over  a  hill  marked  by  an  Ordnance  pole  and  across  the  French- 
land  Bum  to  the  hills  on  the  north.  In  this  space  grey  and  purple 
flagstones  with  Annelids?  or  wonn-like  bodies,  not  unlike  some  of 
those  (Myrianitet)  in  the  Lower  Silurian  rocks  (formerly  erroneously 
considered  by  myself  to  be  Cambrinn)  near  Lampeter  in  S.  Wales, 
are  found  in  the  plantation  e|imrry  above  Hunter  Heck.  These  beds 
dip  72°  to  the  N.N.W.  under  a  liigber  summit,  in  part  composed  of 
reddish  tliin  tilestones  and  of  overlying  masses  of  strong-bedued  flag- 
like  greywacke.  These  are  followed  by  shale  or  schist,  occupying  a 
moory  depression,  and  the  hard  greywacke,  being  renewed  m  the 
slopes,  is  succeeded  by  a  band  of  jet-black,  fissile,  anthracitic  schist, 
▼ery  pyritous  in  parts,  and  exhibiting  Graptoliteg,  as  well  as  anthra- 
cite. The  occurrence  of  anthracite  in  certain  schists  of  the  clay-slate 
of  Dumfriesshire  was  cited  by  General  Diromf  many  years  ago.  Such 
natural  appearances  as  are  seen  in  this  Frenchland  Burn,  v\z.  the 
black  schist  and  anthracite  beds,  or  '  ampelite '  of  the  Frencli,  have 
naturally  led  persons,  ignorant  of  geological  succession,  not  only  to 
hope  for  coal-seams,  but  even  to  open  works  J. 

I  allude  to  this  partial  section  east  of  Moffat,  to  show  the  impos- 
sibility, in  this  troubled  region,  of  estimatuig  the  tnie  order  and  suc- 
cession of  the  strata  by  any  appearances  of  the  strike  and  dip  on  one 
line  of  traverse  onlv.  Tiius,  if  the  geologist  proceed  a  little  to  the 
east  of  the  sectional  line,  he  would  find  the  grn])tolite-schist8  appa- 
rently overlaid  by  a  mass  of  strong-bedded,  hard  grcywaeke-grit, 
dipping  70°to  the  N.N.W.  ;  but,  in  turning  westwards  a  few  himdred 
paces  and  in  descending  the  same  Frenchland  Bum,  another  scene 
awaits  him.  There,  beds  of  purple  grej-wacke-flag,  schist,  glossy 
shillot,  and  pyritous  shale  are  seen  overlying  an  anthracitic  course  of 
about  eight  feet  thick,  the  whole  supported  on  strong-bedded  grey- 
WBcke-grit,  which,  rolling  over,  is  followed  in  the  descent  of  the  stream 
by  a  similar  succession  of  anthracite,  schist,  greywacke,  &c.,  dipping 
S.W.,  instead  of  to  the  N.W.  In  truth,  this  turn  of  the  Frenchhuid 
Bum  is  near  the  spot  where  igneous  rocks,  intruding  into  the  strata, 
have  greatly  modified  them,  and  have  given  rise  to  those  accumu- 
lations of  fractured,  contorted,  and  aluminifernus  or  pyritous  schists 
in  which  the  mineral  waters  of  Moffat  take  their  rise.     I  could  not 

•  Professor  Sedgwick  now  ent«rtijus  the  same  view,  as  appears  in  the  printed 
abstract  of  his  verbal  comniunication  at  Edinburgh,  which  has  appeared  since  this 
inemuir  was  sent  to  press.  See  Hep.  Brit.  Assoc,  for  the  Advancement  of  Science, 
1H50,  Trans,  of  Sections,  p.  104. 

t  General  Uirom's  observations  arc  appended  lo  aa  old  map  of  Dumfriesshire! 
now  diflicult  to  be  had,  although  I  saw  it  in  1827. 

X  Quart.  Jonrn.  Geol.  Soc.  vol.  vii.  p.  50. 
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inspect  the  contortions  in  thia  Frenchland  Burn  and  not  be  led  ta 
believe  that  at  the  period  when  tliis  region  underwent  violent  oomino- 
tions,  the  curratures  and  fractures  most  easily  and  naturally  oeenmd 
in  the  graptulitic  schists,  which  arc  much  the  softest  in  the  «eric«  at 
these  intractable  and  bard  rocks.  Fron)  their  same  soA  quality,  thne 
schists  have  also  been  the  more  easily  denuded,  and  hence,  wnrre  ao 
§n'eat  and  decided  transrerse  rents  afford  the  streams  a  cour»e  acros 
the  strata,  their  feeders  or  rivulets  have  frequently  found  th«ir  w«y 
along  longitudinid  depressions  of  schist,  parallel  to  the  strike  of  thie 
strata. 

The  little  which  fell  under  my  own  observation  to  the  uMk  of 
Moffat  is  scarcely  worthy  of  notice,  now  that  the  details  worked  ml 
by  Mr.  Ilarknc!*!)  are  known  ;  but  I  mnv  note  (hat,  even  in  travel 
from  Bcattock  to  I.>ockerby,  it  struck  me  (hat  the  chief  ta'u  of 
tract,  so  much  covered  with  drill  and  only  exposhig  im|)erfert  _ 
tions  here  and  there,  would  be  found  to  pass  by  a  sjtot  orar  Nrlhrr- 
cleugh  into  the  chain  on  the  R.N'.E.,  and  to  range  by  Dumfrir*  on  tbr 
W.S.W.  rnquestiouably  the  strata  at  Lockerby  dip  to  tbr  S.S.K., 
and  as  all  the  rocks  near  Tortborwald,  together  with  thouc  of  tbe 
country  south  of  (hat  hue,  have  the  same  inclination  as  laid  daws 
upon  a  ninp  sent  to  the  Geological  Society  by  Mr,  Uarknm,  it  it 
natural  to  infer,  that  a  powerful  anticlinal  passes  somewhrrr  scar 
Dumfries.  I  suggested,  indeed,  to  Mr.  Ilarkness  that  such  would 
prove  (o  be  tlie  case,  and  hia  researches  confirmed  my  anticipatka, 
and  led  him  to  mark  what  may  be  called  the  anticlinal  of  DrHie 
Water,  the  lower  part  of  which  river,  before  it  empties  ilaell'  into  ihf 
Annan  near  Tnrwood,  flows  in  accordance  with  the  strike  of  tb« 
Biiciciit  rucks.  I  apprehend  that  there  are  many  more  such  uA 
rlinaU  iu  Dumfriesshire,  if  we  could  detect  them.  Wbetiier  tkt 
Criffel  granite  be,  as  Mr.  liarkneaa  8ug|;e«ts,  the  e«ua«  of  tliii  lexH^ 
I  have  not  satisfied  myself;  but,  if  so,  it  dues  nut  throw  up  anr  fltnii 
in  which  Silurian  fossils  occur.  It  must  indeed  be  adraittct]  utafl  |k» 
puq)lc  and  reddish  hard  greywacke  of  the  tract  near  Dmnfrie*  bmm 
antique  an  appearance  as  any  of  the  rocks  of  this  region.  It  bmic 
resembles  the  unfossiliferous  rocks  of  St.  David's  and  other  plafcvia 
Wales  to  which  the  Government  surveyors  have  restricted  the  tern 
"Cambrian,"  than  any  rocks  I  saw  in  this  region  of  Sc«>tlaiul. 

Un  tlie  whole,  there  being  scarcely  any  other  fossils  than  fc'rap 
tolitr*  and  certain  obscure  OrtAoeerati'tct  with  Anurluia  in  tbe 
•chista  of  Dumfriesshire,  it  is  difficidt  to  infer  from  such  ornnie 
Bimina  aluiie  what  is  the  age  of  the  chief  masses  of  strata  m  which 
•urh  forms  only  are  re]ieated.  Judging  by  aiuilogr,  and  rvfei 
the  portion  of  the  Silurian  rocks  which  in  other  regiona 
found  to  con(ain  the  greatest  number  of  GraplolUet,  Mr. 
has  arrived  at  the  cuudusiuu  that  much  uf  this  region — under  •  rtrj 
different  (\  |)c — may  represent  an  upper  portion  of  the  Lower  SilnnB 
nicks.  In  my  opinion  be  pUces  theie  strata  too  high  in  the  wmm; 
and  the  inference  from  all  tlia(  we  now  know  is,  that  tbey  probablr  i^ 
present  that  great  maas  of  M'eUh  schist  which  undcrlica  tlie  UuAfla 
or  Bala  limetlonr,  but  ia  still  superior  to  the  lowrat  tonaaf  ""*    '     ""^ 
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In  reference  to  dt-tails,  however,  Mr.  Harkne.ss  maintains  that  the 
three  bauds  of  anthracitic  and  alum  shale  with  courses  of  Grapto- 
litft — in  many  parts  a  complete  alum  shale,  owing  to  the  (juautity 
of  decomposeci  pyrites  it  cuntaius — are  repetitions  of  the  same  band. 
[It  might,  however,  be  possible,  I  thiiik,  to  explain  their  repetition 
[by  great  curvatures,  the  ujtper  parts  of  which  had  been  denuded,  as 
well  as  by  the  occurrence  of  a  series  of  parallel  faults  of  great  magni- 
tude to  which  that  author  refers  them*.     His  own  sections  show, 
indeed,  a  great  parallelism  between  the  strata  on  either  side  of  these 
I  supposed  faults. 

Difficult  us  it  may  be  in  such  a  covered  and  broken  region,  to  un- 
I  ravel  the  jihysical  contortions  to  whicli  it  has  been  subjected,  the 
[  task  will  doubtless  be  aecoinjilished  at  some  future  day  ;  and  when 
this  is  done,  I  have  no  doubt  that,  gigantically  thick  as  they  may 
appear  on  a  superficial  survey,  the  older  rocks  of  Dumfriesshire, 
like  those  of  parts  of  the  South  of  Scotland  where  we  have  been  able 
to  explore  closely,  will  be  reduced  to  reasonable  dimensious.  In  the 
mean  time,  if  the  point  be  substantiated,  we  shall  be  much  indebted 
to  Mr.  Harkness  for  labours,  which  lead  us  to  believe  that,  whatever 
be  their  precise  place  iu  the  Silurian  series,  the  graptolitc-schists  of 
Dumfries  are  simply  repetitions  of  one  band — an  important  step  in 
limiting  the  thickness  of  the  strataf. 

•  Quart.  Jouni.  Geol.  Soc.  vol.  vU.  pp.  51,  52. 

+  .^llhougb  this  n  not  tlie  place  to  offer  many  obserrations  on  other  rock-for- 
mationi  of  this  tract,  I  may  state,  in  passing,  that  I  am  not  yet  satisfied  that  the 
Red  Sandstone  of  Dumfries  and  Corn  Cockle  Muir  is  of  the  age  of  the  Trias  is 
suggested  by  Mr.  Harkness  (Quart.  Journ.  GeoL  Soc.  vol.  vi.  p.  389  et  fg.).    In 
<he  upper  recesses  of  the  valleys,  and  notably  cast  of  .Moffat,  this  formation  is  a 
coarse  shingly  and  quasi-angular  conglomerate,  made  up  of  the  debris  of  the  Si- 
lurian greywacke  on  which  it  remits,  and  h  there  associated  with  deep-red  sandstone. 
la  its  range  southwards,  1  have  not  seen  this  same  red  sandstone  also  overlapping 
iinconfiirmubly  the  edges  of  the  carboniferous  deposits.     If  those  red  rocks  were 
really  of  the  age  of  the  "  Bunter  sandstein,"  they  woiUd  surely  (seeing  their  wide 
spread  in  Uumfricsshire)  be  somewhere  seen  in  overlying  and  contrasted  positioui 
to  the  carboniferous  rocks  which  were  formed  at  a  period  so  long  anterior  to  them. 
My  scepticism  on  this  point  aojuires  some  strength  from  the  recollection  I  have  of 
red  sandstones  in  Arran,  which  Professor  Sedgwick  and  myself  (eveu  when  we 
were  introducing  reforms  into  Scottish  gcolog))  classed  as  New  Ked,  and  which 
we  now  regard  as  Carboniferous.    The  truth  is,  so  many  of  the  Scottish  sandstones 
from  the  Uld  Red  upwards  arc  of  a  red  colour,  that  much  discrimination  will  be 
required  in  separating  those  which  arc  of  Devonian  from  some  which  are  of 
carboniferous,  and  from  others  which  may  probably  be  of  I'eriuian  age.     If  I 
were  to  judge  from  the  aspect  of  the  rocks,  their  flag-like  and  hard  character, 
and  the  great  dislocations  they  have  undergone  (alinoat  as  great  as  those  of  the  car- 
boniferous limestone),  1  should  prefer  classing  the  Red  Sandstone  of  Dumfries 
with  the  Permian.     At  present,  as  far  as  I  know,  geologists,  guided  exclusively 
by  the  footmarks,  consider  the  impressions  left  by  Reptiles  at  Corn  Cockle  .Muir 
to  belong  to  species  whose  footprints  are  found  in  the,  to  called,  New  Red  of 
England.  (See  the  forthcoming  Ichnolog)'  of  Annandale,  by  Sir  W.  Jardine,  Uart.) 
But  this  i>  as  yet  doubtful  evidence ;  for,  with  the  exception  of  the  Keuper  sand- 
alone,  we  really  at  present  scarcely  know  what  amount  of  rock  beneath  it  ought 
to  be  classed  with  the  Trias  or  New  Red,  or  how  high  the  I'eriuian  system,  or 
summit  of  the  palicozoic  rocks  (in  which  Reptiles  also  occurs,  should  ascend 
in  the  English  scale.    A  reference  to  section  fig.  1,  accompanying  Mr.  Harkness's 
piper  (Quart.  Joum.  Geol.  Soc.  vol.  vii.  p.  52),  will  indicate  the  difficulty  of  sharply 
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Although  I  know  that  much  hard  labour  in  the  field  ia  yet  lequiigi 
before  any  one  can  lay  down  accurately  the  (jhysical  reUtioiu  of  tltt 
different  rocks  constituting  the  Silurian  gy-itein  of  the  South  of  8oo(> 
land,  or  can  attempt  to  delineate  in  that  region  the  chaogH  in  the 
sediraentarv  matter  in  the  range  of  strata  of  the  same  age  from  tht 
E.N.E.  to  X^.S.W.,  enough  has  now  been  presented  t<i  the  public  by 
my  precursors,  with  what  has  becu  now  communicated  *,  to  cnaUt 
us  to  arrive  at  some  jMjsitive  conclusions.  

Even  if  no  geologist  had  carried  thither  his  hannncr  and 
the  geoerui)hical  observer  and  the  artist  would  jM-reeive  thr 
all  the  hillv  tracts  of  the  southern  counties  of  Scotland,  rxteu 
from  the  Gennan  Ocean  to  tlie  Irish  Sea,  a  sameness  of  outlincl 
the  soft  and  undulating  contours  of  the  ground.  This  outline,  «c 
may  now  fairly  iid'er,  is  due  to  frequent  bends  of  the  stuny  lfaUM> 
work.  In  examiuhig  many  vears  ago,  iu  cuuipany  with  Proftinr 
Sedgwiekf,  the  sea-chffs  of  St.  Abb's  Uead.  between  Benrtck  aad 
Siccar  Point,  I  could  uot  avoid  being  impre^ed  with  the  rapid  cur- 
vatures of  the  greywacke  and  the  bold  nrojections  amidst  it  of  niM| 
of  pori)hyrj'.  Nor  could  I  traverse  tlie  country  from  HuiiglaMl 
Dunse  and  not  man  el  at  similar  pha.'nomeua,  whether  the  grryi 
and  schists  of  the  Lanmiermuir  HilU  were  of  purple  or  grey  cntoon, 
or  their  intrusive  rocks  were  porphjTics,  greenstones, or. •!  U. 

In  a  separate  excursion,  made  last  summer  before  he  join'  X 

Nicol,  on  walking  over  these  same  hills  near  the  .it-'. 
that,  whilst  the  strike  of  the  strata  was  persistent,  tli.  r^  ^^ 
than  five  antieJinals  iu  the  short  sjiace  of  three  miles ! 

These  facts,  and  the  distinct  proofs  I  have  cited  of  uuii:i  r..ii-  nnli- 
cliirnU,  curvatures,  and  fractures  in  the  coa.it-seetions  of  .\rr  and 
Wigtounhire  ou  the  west,  and  in  Galloway  and  Kireudbri;;ht  ou  tlw 
Houlb,  give  us  the  key  to  explain  the  oulline  of  the  whole  Kfjiaa. 
They  teach  us  at  the  same  lime,  that  amidst  these  couvoluted  iinaan, 
tutruded  u|Kjn  as  they  have  been  by  numerous  eruuti«e  rocks,  it  miMt 
Im'  impoisible,  without  loug-eoutinued  and  close  lahniir,  to  AimI 
hand  which  marks  the  oldest  stratum  or  true  geological  axia. 


•rparaliur,  »  he  i>  diaposed  to  do,  the  rarlMnirerOW  : 

Red  San Jitonc  ;  for,  after  indiratiug  a  tjnelinal  amnmilWllt  tt  lh«  fonaCT  im't 
bed  of  the  Aniiin,  and  an  anticlinal  heave  near  Kelkrad,  b«  (how*  tlM  ftm 
lion  to  be  to  brought  againii  the  red  rock,  that,  although  iciMratcd  bjr  a  Imtli,  Ikt 
Utlar  dl|n  to  the  touth  tt  preciaeiy  tke  iame  angle  a*  ill  oiikr  adgkboiir.  I  ili 
Del  believe  tliai  the  Hriuth  Iilet  tfbrd  a  limilar  rTaaipU  of  ttiic  mmm  tW  §■•<■ 
•loae  being  tu  rrlaird  to  rockt  of  the  a^e  of  the  earbanlfcraai  UnMatoae. 

*  Mr.  Cuaoinghani  hasMricten  mcmotn  communicatetl  tuthe  IlighUail  SorMy, 
tte-,  which  throw  Ughl  on  the  dislocation*  and  change  of  direction  in  lh«  MnM 
■round  the  mBhic  aad  porjihyritie  tract*  of  Gallowajr  ami  KirrudM^M.  Wl 
mn  alio  iadtaM  to  Mr.  L).  Sharpe  for  having  put  together  all  the  Uter^ 
and  obaamtioDsof  the  grologitii.  who  have  e\plorTd  Seodaad,  Ml  a  1 
has  been  rtrj  lucful  at  the  Geological  Society  io  all  rtceot  diteMrioi 
UahaeoiagT. 

f  Sir  Jobn  llall  and  Mr.  SherilT  Aliaoe  wm  our  aaiociatCL    I 
hariag  loM  tav  noto-hnok  In  which  the  diitiiigaitbed  hlitoriaa  akalcbad  1 
ilw  iMMfM  «f  the  bluff  dift  frsn  Um  «*a  beaeub  tbtik 
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we  hnve  not  yet  sufficient  grounds  for  inferring  that  the  highest  lands 
of  this  tract,  from  whence  the  Tweed,  the  Clyde,  and  the  Annan 
descend,  and  which  form  the  real  geographical  axis  or  watershed,  ore 
also  the  oldest  strata.  All  inferences  drawn  from  physical  apjiearanccs, 
except  the  indisputable  fact  of  great  undiUations  and  breaks,  must 
indeed  be  dcci-ptive,  when  we  find  that  none  of  the  South  Scottish 
aiiticUnals  are  persistent  for  great  distances.  In  one  tract,  as  in  the 
West  of  Ayrshire,  the  strata  of  a  given  structure  dip  jnore  to  the 
S.S.E.  than  to  the  N.N.W.,  and  near  Moftat  nearly  all  the  beds  dip 
to  the  N.N.W.  As  yet,  therefore,  there  is  no  possibility  of  absolutely 
detcmiiniug  by  order  of  infraposition  which  is  the  lowest  or  oldest 
mass  of  stratified  rock  in  the  whole  of  the  South  of  Scotland. 

If  we  take  the  mineral  character  of  the  rocks,  there  are  copious 
conglomerates  pcciUiar  to  the  Ayrshire  tract,  aluminous  and  an- 
thracite shales  in  the  central  or  Moffat  country,  and  tine  greywacke 
and  clay-slate  in  the  eastern  region.  Then,  if  we  turn  to  the  ig- 
neous rocks,  we  find  serpentines  and  diallagic  traps  on  the  west  at 
Gir\'an,  granites  cutting  through  as  a  transverse  baud  from  Criffel  to 
Loch  Doon,  trap-dykes  clearly  posterior  in  Dumfries,  bedded  j)or- 
phyry  in  Peebleshire,  and  massive  amorphous  por])hyry  and  syenite 
in  Berwickshire.  With  such  diversity  of  original  conditions  and 
many  subsequent  modifications,  very  complex  results  must  be  ex- 
j)ected.  Amid  these  difficulties,  we  do  know,  however,  that  strata  of 
vast  tliickuess,  including  schists  with  limestone,  and  sandstone  and 
grit  with  conglomerates,  are  charged  with  Lower  Silurian  fossils,  and, 
as  a  whole,  and  af^cr  many  imdulations,  are  overlajiped  by  other 
schists  and  slaty  rocks  in  Kircudbright,  in  wliich  Upper  Silurian 
fvpes  of  life  prevail.  When  we  come  to  examine  this  point  more 
closely,  and  to  be  guided  as  we  must  be  in  so  tortuous  and  convulsed 
a  region  by  our  only  very  sure  guides,  the  organic  remains,  we  find 
that,  just  as  the  convolutions  prevent  us  from  recognising  either  the 
distinct  top  or  bottom  of  the  whole  SUurian  series,  so  also  the  animal 
remains  pertain,  as  they  ought,  chiefly  to  what  must  be  called  the 
central  and  lower  portion  of  the  Silurian  system,  if  classification  be 
regarded  on  the  same  broad  scale  in  which  it  has  been  applied  to  the 
British  Isles,  Scandinavia,  Russia,  Bohemia,  and  America. 

When  I  penned  the  first  chapters  on  the  Geology  of  Russia  which 
treatedof  Siliu-ian  rocks  in  general,  and  also  in  previous comnuuiications 
to  theGeological  Society,  I  endeavoured  to  show (1H44),  that  whilst  the 
absolute  zoological  base  of  the  Silurian  system  was  wanting  in  Russia, 
and  had  not  then  been  defined  in  the  British  Isles,  it  had,  when  fol- 
lowed northwards  into  Scandinavia,  a  true  and  indisputable  existence. 
There,  grits  and  arkose,  made  up  of  the  oldest  crystalline  rocks  of 
that  region,  are  surmounted  by  schists  and  limestones,  in  which  the 
presence  of  the  genera  UleiiuD,  Agnostus,  and  Paradoxides,  vrith  other 
palaeozoic  fossils,  marked,  as  I  contended,  the  earliest  zone  of  recop- 
tusable  life.  The  adniinible  researches  of  our  Government  geologists 
have  since  developed  precisely  the  same  facts  in  North  Wales,  where 
the  Uarlech  grits,  overlying  the  unfossiliferons  Cambrian  slates,  are 
surmounted  by  a  zone  containing  the  Oletntx  and  Paradoxides  with 
Jiingul<B.     The  first-mentioned  genus  had,  indeed,  been  previously 
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described  by  Professor  Phillips  as  occurring  io  black  scfaiatj  oa  the 
south-west  flank  of  the  Malvcni  IlilU,  which  I  formerly  plamd  u 
I<ower  Silurian  rocks.  In  Bohemia,  which,  of  all  couutric«  in  tJie 
world  vet  examined,  exhibits,  under  the  masterly  drhnrntion  of  M. 
Barrande,  by  far  the  most  complete  develo|>ment  of  Silurinii  life,  from 
its  coiniiiencenieut  to  its  close,  the  same  band  with  OlmuA  nml  ■)thfT 
fossils  reposes,  as  in  North  Wales,  on  a  vast  thickue»s  ■■  .-ka, 

and  is  surmounted  by  the  equivalents  of  the  Llandrilo  aii..  l  ..._..;it-  ■• 
well  as  by  l.'pptr  Silurian  fonnutions.  Now,  ni  the  South  of  Scot- 
land no  fossils  have  been  discovered  which  clearly  point  to  a  lowrr 
horizon  than  that  of  Lliuuleilo  ;  whilst  many  of  the  sheila  (in  Ayrihiie 
at  least)  would  seem  rather  to  belong  to  what  I  should  call  the  wpe* 
rior  division  of  the  luwer  group.  In  usini;  tlie  term  '  Carailae  MB^ 
stone '  1  must  not  be  niisuuderstoud.  I  know  that  the  valnaMt  ic- 
eearches  of  Professor  lUmsay  in  the  Siluriau  rei^iou  ami  the  a/^atat 
parts  of  Wales  have  shown  (Kat  much  of  what  I  formerly  iadadcJ  ii 
the  Carsiloc  subdivision  [tertaius  rather  to  the  Llandeilo  groap,  WMk 
by  physical  association  and  by  its  unconformity  to  the  IVuvdoc  Had- 
stone  of  Shropshire.  It  is  therefore  probable,  titat  MXnc  of  th» 
Scottish  shelly  sandstones  and  conglomerates  may  rrpre««>t 
"  Llandedo  Sandstones."  Time  and  much  close  work  can 
decide  such  points  ns  these.  But  the  essential  consideratioa  ia,  tbal 
even  in  Wales  the  overlap,  elnciiliited  by  l'rote«M>r  RajilMT,  has  iMd* 
no  change  in  Uie  upward  development  of  animal  life.  All  isShnfaB, 
At  least,  many  of  the  I'pjicr  (.'iiradoc,  ami  even  of  true  I'pp"  ^Hn. 
rion  fossils  have,  it  appears,  existed  in  the  |H'rio<l  when  the  1 
or  Bala  limestone  wa.i  funned.  In  comparing  Scottish  aii',  •>.uri 
distant  rcK-ks  uith  those  of  Silurian  agr  in  Kngland  and  Walrs,  we  eaa, 
as  I  liHve  all  along  cnntended,  speak  uidy  of  two  pt'at  zooluKtail  dm- 
sions,  the  I'pper  and  Lower  Silurian  forming  onf  natural  tytlem*. 
This  inference  is  siutnined  not  only  by  reference  to  weli-kaown  £»• 
glish  and  Welsh  tvpi's,  but  also  to  Irish  fossils  from  Gslwkjand 
places,  where  n  number  of  Lower  Silurian  species  are  aMoctatMl 
many  fonns  ehnracterisiic  of  tin-  TpiK-r  Silurian  mcksf. 

Thus,  nhiUt  the  Ayrshire  liinesl(nies  mav  very  well  ba 
as  on  the  samehurizon  as  the  Llauilcilo  and  Bala  limestoMS 
and    North   Wales,    the    shelly    sandstones   and   cunglomeiatn  of 
Girvan  arc  representntives  of  all  the  strata  upwarils  which  I  repai 
Lower  Silurian,  incluiling  the  t'arailoe  sandstone  ,   whilst  thr  t\ 
and  tlagslones  with  OrthocrralitrM  and  (trajitoitlr-i.  lli-'ni-h  1  imf  i| 
very  doubtfully,  may  either  represent  tlie  upiKi  I  of  iJw 

Lower  group,  or  the  very  botium  be<U  of  the  Lp, . .     iju  rock*. 

In  tlieir  luiuulatiuns  southwards  these  latter  rocks  bectimc  iniiiv  «!•• 
vrloped,  and,  in  unfolding  a  great  thickness  of  graploUle-adtut*.  n- 
iMMe  the  fo!i»il  bands  of  Kircudbright   Bay.  which  are  m  aO 
btUlv  of  the  ase  of  the  known  Wenlock  ahule. 


I 


I 


•  9«r'ilunwSntrm,p.l'>i,  .V>H,W /NiMina'.  Rii"i!i  in  Koropp,  »oLi 
f  Tho  «lrwl<  ttnke  o(  the  fottiltfrroiit  Siln'  •  Mca 

ilUli,  lu  the  ;rc>tiackr  of  «luoh  Mr.  Maclaien  Awvra/iltih 

Maeliobttcurrd  il  -  "  '   ' •  •-ntinliatt 

Mag oeeupird  !>v  am  nwjr  b( 

"  Isird  to  rrspiK- 1  ^       h.N.E 
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The  suggestion  above  alluded  to,  that  the  graptolitic  and  anthracitie 
sclmts  of  Mofiat  belong  to  a  group  inferior  to  all  the  other  fussil- 
I bearing  strata  of  this  region,  may  prove  to  be  correct ;  and  if  so,  these 
letratA  would  represent  the  great  schistose  mass  which  lies  beneath  the 
1  Llandeilo  or  Bala  Umestoue  of  Wales.     But  this  inference  requires 
'  confirmation.     For,  whibt  a  part  of  the  researches  of  Professor  Nicol 
and  myself  would  lead  me  to  entertain  this  view,  there  must  be  more 
esploration  before  I  adopt  it.     If,  for  example,  it  be  granted  that 
the  Wrae  and  Stinehar  limestones  and  all  the  fossil-bearing  strata  of 
the  northern  zone  be  mineralized,  nietamorphcised,  or  attenuated  on 
the  north  flank  of  the  highest  hills,  and  that  they  really  there  coq- 
Btitute  an  overlying  mass,  where  in  the  numerous  folds  of  the  grey- 
wacke  to  the  south  of  such  geographical  axis  do  we  find  any  represen- 
tatives of  the  fossiliferous  Lower  Silurian  of  the  Ayrshire  and  nortliern 
bands  ?     And  yet,  if  that  were  the  arrangement,  we  ought  to  detect 
gome  traces  of  such  beds  between  the  central  axis  and  the  Kircud- 
bright strata  whirh  are  the  representatives  of  the  Wenlock  shale. 

'fhe  establishment  of  the  lowest  strata  of  the' region  has  yet  to  be 
determined  by  the  discovery  of  the  equivalents  of  the  oldest  Silurian 
zone  of  Wales,  the  Malvern  Hills,  Scandinavia,  and  Bohemia.     By 
this  I  mean  the  band  above  spoken  of,  which  is  specially  characterized 
by  the  minute  crustacean,  the  Oleniii,  and  certain  forms  of  Liitffvta'. 
The  uppermost  Silurian  or  Ltidlow  rocks  are  wanting  in  the  South 
of  Scotland,  and,  il'  they  were  ever  deposited,  are  probably  now  de- 
pressed under  the  waters  of  the  Irish  Channel,  forming  a  great  undu- 
lating trough  between  the  South  of  Scotland  and  the  North  of  Wales. 
The  evidences,  however,  which  are  left  in  the  main  laud  might  lead 
us  to  believe,  that  beds  of  the  true  Ludlow  age  had  never  been  depo- 
sited.    Thus  far  is  certain,  that  all  those  portions  of  the  Old  Bed 
Sandstone  which  constitute  the  two  lower  divisions  of  that  system  in 
the  North  of  Scotland  have  not  yet  been  recognised  in  the  southern 
border  counties,  where  the  only  representative  of  the  Old  Red  yet 
known  is  the  eonglonierate  and  sandstone  with  Iloloptyehiuit,  which 
constitutes  the  upper  member  of  the  system  in  the  Ilighlnndst.     In 
short,  two-thirds  of  theOld  lied  or  Devonian  system  and  the  uppermost 
member  of  the  Silurian  are  absent  along  the  English  border.    Hence 
we  learn  that  at  a  verj'  early  period,  the  oldest  deposits  of  the  South 
of  Scotland  had  been  raised  into  lands,  and  were  not  depressed,  even 
around  their  edges,  until  that  subsequent  period  when  the  newer  por- 
tion of  the  Old  Red  was  fonned,  to  be  followed  by  the  Carboniferous 
limestone,  sandstone,  and  shale,  and,  with  them,  the  assmnated  coal 
of  Sootland. 

*  Geologists  can  now  itudy  a  fine  tiiccetsion  of  primordial  Wtr.  in  the  new  and 
most  instructive  Miiseuni  of  the  Government  Geological  Survey,  wherein  Sir  Henry 
De  1*  Kccbc  and  his  otHcers  have  also  applied  the  tcnn  *  Silurian  '  tu  all  the  series 
from  the  IJngiUa  and  Oletua  beds  to  the  Ludlow  rocks  inclusive.  The  Government 
mxps  and  sections  are  coloured  on  the  same  principle  of  classiiication  and  nomcn- 
claiure. 

t  Sec  Mr.  Hugh  Miller's  "Old  Red  Sandstone,'  p.  l.'iO  rl  pauim.  Also  the 
memoirs  of  Mr.  W.  Stevenson  of  Dunse,  Proc.  Geol.  Soc.  vol.  iv.  p.  29,  aud  Quart. 
Joum.  GeoU  Soc  vol.  vi.  p.  418. 
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Whibt  the  Scottish  Sihiriaits  often  differ  in  aspect  Cram  thr  tjpical 
rocks  of  the  same  age  iu  central  England  and  M  ales,  many  of  tnem, 
however,  bear  a  strong  res<-niblnnce  to  their  nearest  etjimali-nt*  of 
Cumberland  and  Westmoreland  ;  and  the  Htrata  in  Kirrudbri^bt  Bar 
may  very  well  be  coniparetl  with  some  of  the  Ireleth  slntcii,  dntrribnl 
by  Sedgwick*.  I  never  shall  forget  my  surprise  when  I  tirst  *Ati<fi«l 
myself  '  in  situ,'  by  inspecting  their  fossils,  that  the  liard  gTe_>i»acke- 
flagstones  of  Kirkby  Lonsdale  were  the  equivalents  of  the  LtuUtm 
rocks,  and  that  the  calcareous  slates  of  Ireletli  were  the  true  retif*> 
sentatives  of  the  soft  Wenlock  formation  of  Shropshire.  Still  mm 
could  I  or  any  one  else  have  supiKised,  that  the  incouerent  plastic  cbqr 
of  the  banks  of  the  Neva  and  the  green-grained  rocks  of  St.  Prt«T»- 
burgh  (the  " eraie  cfiloritee"  of  Bronguiart)  would  prove  to  b«  « 
old  as  the  slates  of  Snowdou  ! 

Lastly,  it  ap]>ears  to  me  certain,  that  all  the  aboTe-ntMitieilid 
varieties  of  greywacke,  clay-slnte,  conglomerate,  sandstone,  and  I 
stone  of  the  soiitheni  Scottish  counties  constitute  parts  of  one  •? 
only,  and  that,  physically  a.s  well  as  zrK)logically,  they  are 
together.  Although  full  of  local  dislocations,  folds,  and  nil 
short  axes  of  elevation,  thest^  deposits  followed  each  other  in  tm 
tenanted  by  the  same  classes  of  animals,  some  in  deeji,  others  in  shallow 
water, — souie  iu  a  period  of  tranquillity,  other*  during  very  iiowrrful 
abrading  action.  Iu  the  prevalent  absence  of  lime,  and  u(  mizwtml 
conditions  favourable  to  the  lite  or  pn-sorvation  of  testaceous  nuuiae 
animals,  the  Silurian  deposits  of  Scotland  lung  remained  iu  otucaritj^ ; 
but  uow,  thanks  to  the  o|^>ening-out  of  certain  shelly  oases  within  ibciiv 
we  are  enabled  Ui  read  off  their  history  and  to  compare  them  with 
primaeval  types  established  by  the  survey  of  other  rrgioni. 

End  op  Part  I. 


incrmoil 
tiaaiLlH 


In  a  second  part  of  this  Memoir,  read  before  the  Geological  Soaitj 
(Febnuiry  'J6,  I  H.'i  1 ),  I  eudeavoun-d  to  show  from  a  Motion,  mad*  toi 
years  ago,  that  the  northern  portion  of  the  Sidlaw  IlilU  in  PorfanUft 
would  be  prolmbly  found  to  contain  strata  eiaiivnleut  totbr  I'p] 
Silurian  or  Ludlow  rocks.  That  is  one  ot  the  tracts  of  Scot] 
which,  according  to  my  notion,  the  lowest  division  of  the  Old 
Saud.>itone  is  most  copiously  develo|>ed,  and  then'  also  rUe  nut  f 

l)eds  of  grey,  micaceous  sandstone  anil  flagstone,  some  of  them     

distinguishable  from  the  Ludlow  rocks  of  England,  aiid  like  thna 
containing  forms  of  the  fossil  crustacesui  Ptfryyutut,  known  to  the 
workmen  of  the  S<-uitish  quarries  under  the  name  of  the  "Cberubiai." 
In  expUining  this  (>oint,  I  referred  to  a  report  of  a  disoo««j  (which 
seems  to  nir  to  Im-  ver,>  nrobabie,  but  has  not  Ixvn  confiimed)  that 
Graptolifr*  and  other  Silurian  !  fossils  were  found  in  the  lamc  tract, 
•j.  r.  in  a  cutting  of  the  Ncwtyle  railroad. 

I  next  dr84-rib<*<l  tlie  symmetrical  arrangcmml  of  a  enat  awti^iitjl 
axis  iu  the  s«>uth-westem  Highlands,  which  I  obscryru  la«t  i 
•  Proc.  Ceul.  Soc.  vol.  iv.  |k  HM. 
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to  which  I  gave  the  name  of  Argj'U's  Bowling  Green,  from  the 
)!l-knowu  rugged  mountains  wliich  occupy  a  portion  of  tlie  central 
axial  mass,  Tlie  section  heat  exposed  is  that  which  is  seen  in 
sing  from  the  Clyde,  near  Kilmiui,  to  Strachur  on  Loch  Fyne ; 
be  chief  features  of  the  central  elevation  and  disturbance  wing 
admirably  laid  open  on  the  shores  of  I^och  Eck.  This  asial  eleva- 
tion explains,  in  my  opinion,  how  various  regularly  stratified  rocks 
fanch  stratification  being  obviously  quite  distinct  from  crystalline 
peavage)  have  been  rolled  over  and  over  in  the  Highlands,  so  as 
to  form  a  series  of  broad  and  gnarled  ridges  and  deep  troughs,  the 
major  axes  of  both  of  which  are  parallel  to  the  strike  of  the  Silu- 
rocks  of  the  South  of  Scotland.  The  Highland  uiulutntions  have 
en  accompanied  by  very  deep  fractures,  both  longitudinal  and  trnus- 
rsa],  which  are  for  the  most  part  occupied  by  water.  It  follows, 
erefore,  from  this  undulation  of  similar  masses,  that,  after  passing 
er  several  great  mineral  axes  directed  from  W.S.W.  to  E.N.E., 
often  marked  by  copious  extrusions  of  granite,  porphyry,  or 
greenstone,  the  geologist  wiio  reaches  tlie  valley  of  Ballyhulish,  to 
1^  north  of  Glenco,  finds  himself  ujion  clay-slate  of  the  same  age 
kd  character  as  that  which  he  has  left  on  the  north  bank  of  the 
iyde! 

■  After  adducing  many  proofs,  in  addition  to  those  put  forth  by  Dr. 
MaoCulloch,  that  the  truly  stratified  rocks  of  the  south-western 
Highlands  must  have  been  formed  under  water  (whether  the  pebble- 
kpds  in  the  chlorilc-schist  of  Hen  Lomond,  the  bands  of  limestone  in 
^^  mica-schist  of  Inverary,  or  the  quartzose  flagstones  of  the  Forest 

■  Glenorchy  with  their  way-boards  be  considered),  I  have  been  led 
p  infer,  that  some  of  these  masi«es,  particularly  the  upper  clay-slate, 
might  represent  a  portion  of  the  Silurian  system,  aird  that  others  of 

aferior  position  were  j)robably  accumulated  anteriorly  to  the  creation 
''any  animal  whatever. 
Being  desirous,  however,  of  not  mingling  theoretical  views  con- 
rning  the  crystalline  rocks  of  the  Highlands  with  data  which  tend 
« establish  the  relative  order  of  fossil-bearing  strata  in  the  South  of 
Dtland,  I  defer  the  publication  of  my  views  on  the  former  until 
are  exhaustive  surveys  of  the  Highlands  shall  have  been  made. 
I  Futnre  researches  may,  as  now  suggested,  lay  o])en  the  uppermost 
fmber  of  the  Silurian  rocks  (which  is  certainly  wanting  in  the 
iith  of  Scotland)  in  those  northern  tracts  along  the  Sidlaw  Hills, 
here  the  lower  Old  Hed,  or  Devonian,  is  so  fully  developed  ;  and, 
liough  we  may  haw  little  chance  of  detecting  fossils  in  the  clay- 
Btes  or  other  rocks  of  the  Highlands,  we  may  yet  be  able  by 
farther  Uhours  to  determine  the  existence  in  the  southern  Scottish 
counties  of  the  very  same  zone  of  former  life  which  has  been  recog- 
nised, in  Scandinavia,  Bohemia,  on  the  ilanks  of  the  Malvern  Hills, 
and  particularly  in  North  Wales,  as  the  oldest  in  which  recognizable 
iraal  remains  can  be  detected*. 

Murchi$OD,  Vemeiiil,  lud  Keyserling,  "  Rustia  in  Europe,"  &c,,  vol.  i.  cb.  I. ; 
niipg,  Mem.  Geol.  Survey  of  Great  Britain,  tol.  ii.  pt.  1.  pp.  54,  55.     Barrinde 
I  the  Silurian  Ba»e  of  Bohemia,  Rep.  Britiah  Assoc.  1850,  Trani.  Sect,  p,  99. 
I  VOL.  VII. — PART  I.  N 
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Litt  of  tome  of  I  he  Silurian  F<i«tsiiJ»  o^  Ayrshire.  I 

By  J.  W.  Salter,  Esq.,  F.0.8. 

[The  coinj>arativo  abundance  of  the  species  u  iintiCTt^  by  (he 
number  of  asterisks.] 

I.  Lowest  Beds, — Limestone.    (No. Sof theSfdioiwafadllip.) 
Aldean*  Limetton*.  ^H 

Mficliirea,  new  species.   See  description,  p.  1 76.  Pl-VITI.  lift.7.  ■•8| 

Murvhiaunia ,  S]>.  .sl 

C>/tfiero])si»,  n.  sp.     M'Coy's  list  in  Rep.  Brit.  Aiaoc.  1850,  'A^H 
'Sect.  p.  107.  ^1 

Bogang,  or  Bugan,  Knockdolian. 

Ataphu*  (hntefuji),  tail  (pmhablv  the  same  «a  that  fouDil  by  Pmf. 

Nie<.l  in  r«hU«.hiif).     Pi-  V(ll.  fig.  2. 
JllteHtu  Intut,  M'i'oy  (probnlilj  /.  Bnwmaitni  roniprrwci!). 
OrthU  ralligramma,  l)nlin.,  the  varictj'  rirgatn,  S<i\> ,    1*L.  Vlll.  fifC.'l. 
•^■^  eonfinu,  Salter.     This  resembles  some  of  the  H'^fH"  mcdw. 

Pl.  vtn.  fip.  5. 

Martiirea  magna,  Ilall,  is  ijiioted  bv  M'Ody  frtmi  thin  locality  ;  «» 
have  small  spi'ciiiiciis  uf  ap|>arfutly  the  same  s|>ecies. 

Craig  Neil,  near  Colmonel,  ' 

MacUrea,  tlie  new  ipedea  above  mentioned.  ••••• 

Craig  Head  Limeetone. 

Cheirvrui  (Amphinm)  gelaninotut,  I'nrtlock,  sp.     Pl.  VIII.  fig.  I. 

HrliolitrM  (Palitii}>ara)  faroguM,  M'CiiVi  »p. 

Farotiln  atmilarit,  nininv.  sp. 

Prtraia  (Tur/jinotufuiti)  elongatat,  Phill.  sp. 

Encrinite  sterna,  very  abundant. 

Terebialula ,  sp.     Prubahly  a  Canadian  species.      Pl   VIII. 

%.  3. 
OrtJkit  etegantvla,  Dalni. 
i         coHjSnit,  Salter. 

Lepl^na  or  StropAontena,  one  or  two  specie*,  imperfect. 
PltmrerkynrhHt  diplem*,  Salter.     Pl.  Vill.  %.  6. 

Tlic  Maclurea  marrompAala,  M'C^y.  R  ■pccMR  we  hare  ml  wa, 
occurs  alst)  here  in  plenty. 


2.  Congiximrilatr  and  Shelly  Sandctone  Skriu. 
(No.  2  o.'  I'lc  Sectioua  and  ^L  p.) 

Coi^lomerate*  of  Ciddytlome  Otem. 

£merimimu pumelatut,  VTahl.  sp.     Pl.  I\.  6g.  4.  ••• 

FemmtetU. 

Pttrma  tUmgata,  PhiU.  ip.  f  ■«•* 


I 
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llalyaitet  eatenulaliis,  Martini,   sp.    {Catenipora  acharoidei,  Sil. 

Syst.). 
Pentatnerui  olilu»r/us.  Sow. 
Orlhis  calligramma,  Dalm.,  var.  eirgala  1  Sow. 
LeptttTia  lericea.  Sow. 
MurchUonia,  an  elongated  species  like  M.  anffutlata.  Hall. 

Mulloch  Quarry,  above  Dafijuharran  (Shelly  Sandstone). 

Flattened  groups  of  egg-cases  of  aome  Gasteropodi  (Pl.  IX. 
figs.  16,  17).  very  like,  if  not  identical  with,  a  common  one  in  the 
Luuidtnlo  limestones  of  South  AVales.  See  description  (|).  173)  at  end 
of  the  list.  It  is  somewhat  Hke  those  figured  in  Sir  C  Lyell's  '  Manual 
of  Elementary  Geolog)-,'  3rd  edit.  p.  34-1,  fig.  397,  from  the  Old  Red 
Sandstone. 

Il/^ettus ,  sp.      Pl.  IX.  fig.  3.      This  fine  species  cannot  be 

identified  either  with  /.  Boimnanni  or  /.  Daeisii  of  the  Lkudeilo 

flags  ;  with  the  latter  it  has  most  resemblance.  (Is  this  /.  Itoaen- 

bergii  of  M'Coy's  list  ?, — not  of  Eichwald.) 
Phacops  Stoketii,  Milne-Edw.  sp.  (a  Wenlock  and  Caradoc  spedes). 

Pl.  IX.  fig.  2.  .* 
Calgmene  Bluinenbaekii,  Drong.,  from  the  Red  Quarry  (C  subdia- 

demata  of  M'Coy's  hst). 
Petraia  trquisuicaia,  M'Coy.  •• 
subdiip/icata,  M'Coy.    This  much  resembles  P.  elonguta  of 

Phillips.      Pl.  IX.  fig.  7-  ***      And  a  variety  with  more  equal 

lamellsD.     Pi..  IX.  fig.  8. 
Ileliolitea  sitbrolundus,   Fougt,  sp.  {Porites  pyriformis,  Sil.  Syst.) 

See  p.  144,  note.     Pl.  IX.  fig.  !). 
Fariurifea  alreoltiru,  Blainv.,  or  Gothlanilinis,  Lamk.  (Sil.  Syst.). 
PlUodictya  {Stictopora  ?,  Hall)  acuta.  Hall,  sp. ;  or  this  may  be  Prof. 

M'Coy's  P.  eostellata.    I  have  not  been  able  carefully  to  compare 

the  two. 
Cntioid(d  stems,  one  smooth,  one  tubercleJ. 
Orfhis  reversa,  Salter.     Pl.  IX.  fig.  13.   •••« 

e/egnntula,  Dalm. 

Strophomena  peeten,  Dalm.  sp. 

JiloiKL  Sow.  sp.  ?  •* 

Jlrypa  hfinisphferica,  Sow.,  a  variety  (flemifhyru  seotiea,  M'Coy, 

MSS.),  in  which  the  ribs  become  more  numerous  towards  the  mar- 
gin.     Pl.  IX.  fig.  12.  ***** 
Terebrattila.      Ileuiit/tyris  anyustifrons,  M'Coy,   MSS.      Pl.  IX. 

fig.  10.   •«**»« 

Avicula ,  sp. 

Turritella  obxolctn,  Sow.,  or  possibly  a  Murchisonia  allied  to  M. 

(tngimfala,  Hail.     I  cannot,  however,  see  nuy  band. 
Murchisonia  canietlalula,  M'Coy,  Hep.  Brit.  Assoc.   18J0,  Trans. 

Sect.  p.  107  ;  a  l)eautiful  reticiUate  species. 
Mar/urea,  sp.,  a  dextral  shell. 

Turbo ,  sp.  allied  to  T.  trochleatus,  M'Coy.     Pl.  IX.  fig.  15. 

Trochus  Moorei,  M'Coy  ?     Pl.  IX.  fig.  14. 

N  2 
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BelUrophon  dilatatut.  Sow, 

Orthoeeras  Barramlri,Sa.\U!T.  Sectlesoriptinns,p.  177.  Pl.  IX.fig.  19. 

Lfiwer  Thrare  (Yellowish  Saudstoiw). 

Nearly  all  the  fossils  of  Mulloch  Qunm'.  The  oval  Trrrbfatuim 
(//.  anyuatifronM,  M'Coy)  mentioued  in  the  Inst  locality,  Tery  abuA- 
dant  ;  Atiypa  hemUphitrica,  Pkaeop*  Stokeni,  &c.  ;  with  the  aikli- 
tioD  of 

Ideha*  laxahtt,'M.'Coy.     A  Llandeilo-flag  trilobite.     Pl.  IX.  %.5. 
Terebratula  cunrata,  Dalm.      A  Weulock  species.      Pi-.  IX.  &g.  II. 
Orthit  biforata,  Schloth.  gp.    A  common  Silurian  fossil,  chiefly  found 
in  the  Lower  Division. 

Saugh  Hill  (Sandstones). 
Sandstone  like  that  of  Cong,  Galway,  Ireland,  and  with  srTcrmlof 
the  lame  fossils, 

Ei%crinurua  punctatuA,  Wahl.  i}>,,  and  its  hypostomc,    Pl.  IX.  fig.  -1. 

Pharopt  Stoketii,  M.-Edw.  »p. 

Tentarulitei  omatut.  Sow.  A  variety  with  coarstr  intmnediate  atroK 
than  usual ;  and  tlie  rings  too  on  the  young  part  arr  morr  regular 
than  ill  Dudley  specimens ;  still  it  is  probably  only  a  raiiety. 
Pi..  I\.  iig.  6.  •••« 

Prlraia  elongata,  Phill.  sp.  1     Chiefly  in  tlie  ii>nglomeratM.  •« 

JIulytitfM  ra/rHulatun,  Martini,  sp.     Also  in  tlie  conglomerate*. 

Favotitet  Jibrosui,  Goldf. 

llrliolitei  inordinalua,  Lcmsd.  sp. 

Attypa  hemispktrrica.  Sow.     The  small  ordinaiy  vtrietj. 

Terebratula  terrata,  M'Coy.  •• 

T.  boreafii,  Schloth. 

I'entnmertis  obltmgus,  Sow.     Only  in  the  conglomenuea. 

Lrjttimn  »erirea,  Sow. 

Strophomena,  like  .V.  eufffypAa,  Dalm. 

Pileoptit  {Nerita,  Sil,  Syst,)  kaliotu.  Sow.  sp. 

Drummuck  (Shaly  Beds). 
Calymene  BiHmeniaehii,  Broug.    Abundant ;  the  true  sprdn,  wfakk 

in  North  Wales  is  found  u>  Lower  Silurian  strata. 
Illtmut  Doumuinni,  Salter. 

Ckeimnu  bimueronatu*  (Sil.  Syst.).     A  large  hrail  and  bo(tj.Tiiig*. 
BellerophoH  amtu*.  Sow.      Pl.  IX.  fig.  IS.  ••• 

dilatattm.  Sow. 

Ititubatut,  S<iw.  •• 

gp.  like  ti.  aeutut,  but  with  wide  umbilicus. 

3.  ORTBoceRATrTE  A.WD  Graptolitk  FuuMToirci. 

(No.  I  of  the  SccUons  and  Map.) 

Piedmont  Glen. 

Strpulife* ,  »p. 

GriptolilhuM  trnuit,  Portlock.     Pl.  X.  flg-  I-  •• 
Ortkoeenupolitum,  M'Coy.  Seep.  151, and  note.  PL.X.figk5,<.  aw 
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Orthoeeras  vaginatum,  SchlotL.  ?     Pl.  X.  fig.  7.     Of  this  we  have 

but  one  specimen. 

.     A  small  species,  with  waved  transverse  lines. 

Cyrtoeeras  ,  sp.     Siicli  are  found  both  in  Upper  and  Lower 

Silurian.     Pl.  X.  fig.  8. 

ArdweU. 

Diplograptua  bultatui,  Salter  (comp.  Graptolithus  pristu  of  Hall). 
Pl.  X.  fig.  2.  ,». 

Cyrloeeras.     Same  species  as  at  Piedmont. 

Orthoeera*  angulatum,  Uisinger.  Our  specimen  has  coarser  and 
more  distant  ribs  than  usual. 

Orthoeera-t  calamUeum,  Munst.  and  Portlock.  The  distinct  longi- 
tudinal ribs  are  not  crossed  by  transverse  ridges,  but  only  by  lines 
of  growth,  as  in  some  Irish  specimens  of  this  variable  species. 
This  is  Orthoc.  anne/fafvm,  Hall,  of  M'Coy's  list,  cited  above,  and 
O.  bilineatum.  Hall  (M'Coy  in  lit.). 

Prof.  M'Coy's  list  confaiiia  also  Lepltena  lericea  and  some  other 
fossils.  And  both  at  ArdwcU  and  Glenqiiapple  he  finds  Ortkit  tim- 
plfx,  M'Coy,  and  at  the  latter  locality  Lepteena  sericea  : — both  are 
Lower  Silurian. 

KnoeAffeirn. 

Orbiculat  erasM,  Hall.  A  thin,  finely  striated  shell,  like  O.  stri- 
ata. Sow.  See  description,  p.  175.  Pl.  X.  figs.  3,  4,  and  wood- 
cut, p.  I  ."i  1 .  The  same  species  occurs  also  in  the  Utica  slate  of 
New  York. 

Orthoeeras  politum,  M'Coy.     As  above.     Pl.  X.  figs.  5,  6. 


r  Descriptions  of  a  few  of  the  above  Fossils. 

Graftolithus  tenuis,  Portlock,  Geol.  Rep.  Londonderry,  p.  319, 

pl.  19.  f  7.     Pl.  X.  fig.  1, 
6".  tenvis,  M'Cov,  Synops.  Classif.   Brit.  Palieoz.  Rocks,  Pt.  2, 
L     pl.  1  B.  f.  4. 

'  Congregated  stems  of  this  slender  Graptolite  occur  in  Piedmont 
Glen,  which  after  careful  examination  I  woulil  refer  to  Portlock's 
G.  tenuis ;  the  original  specimen  of  that  species,  however,  is  so  ob- 
scure as  to  afford  no  definite  characters.  Our  specimens,  4  or  5 
inches  long,  have  not  suffered  sufficient  compression  to  flatten  out 
all  their  parts ;  the  empty  canal  hns  eolla()sed,  and  the  very  oblique 
cells  show  also  a  depression  along  their  length  from  this  cause ;  the 
narrow  cell-mouths  are  very  remote,  each  being  ojiposite  the  base  of 
the  cell  above  it.  There  is  an  indentation,  slight  but  still  very  con- 
stant, of  the  main  canal  opposite  the  base  of  each  cell :  Prof.  M'Coy's 
figure  does  not  show  this,  but  he  tells  me  that  his  S})ecimens  are 
frequently  so,  and  believes  it  to  be  the  consequence  of  contraction 
afler  death. 

Locality.  Piedmont  Glen. 
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D1PLOGRAP8U8*  BOLLATvs,  Salter.     Pl.  X.  lig.  3. 
Prionolus  priatii,  Iluiiig.  Li-th.  Suec.  Suppl.  pl.  35.  fig.  5  T 

Our  8i>eciinf ns  are  not  more  than  I  \  inch  Ion;;  anil  a  line  vidr. 
The  rachis,  wliieli  is  convex,  and  puckered  or  hidlittr  at  short  inter- 
vals, is  hroader  than  the  cell-denticles  ;  these  latter,  bciog  the  1 
between  the  cells,  are  broader  and  squarer  in  the  voung  put,  bot  ( 
tniuish  in  breadth  upwards  as  the  size  of  the  oblii|ar  ccli-«pntimi 
increases.  Our  magnified  figtire  shows  the  B[K-rturcs  Ion  iwrmw,  iwl 
the  interspaces  or  denticles  cunsequeutlr  too  8<)uare  for  tb«  adolt  por- 
tion, although  this  varies  considerably  in  different  s|>vci]ncivi.  Ob 
one  coin|)ressed  individual  the  thin  aolid  axis  is  ruihlc,  but  usiuDj 
it  ennuot  be  detected. 

Hall's  figures  of  G.  prUlU  (Pal.  N.  York,  pl.  72.  lig.  I)  show  a 
convex  though  not  buUatc  rachis,  and  do  not  differ  uiiidi  in  Rmml 
character  from  ours  ;  but  until  a  hotter  acquaintance  with  UiaMtr'i 
original  species  is  obtained,  it  is  thought  b^-tti-r  not  to  td^ntify^Uine 
Ayrshire  specimens  with  it. 

Locality.  Ardwell  and  Piedmont  Glen. 

NiDuun-ES  FAvro.  Salter.     Pl.  IX.  figs.  16,  17. 

The  fossil  to  which  the  alx>«e  name  is  applied  is  a  frnfumlL  oaeh 
the  Llandeilo  flags  of  Penibroki-shire  ;  at  llnverfordwrut  |MirtirulatK 
so,  where  it  occurs  associated  with  fossils  very  much  of  th«  waam 
character  as  those  fVom  tlte  strata  here  descrilK-d.  It  occtirs  m  o«al 
or  roundish  plates,  about  2  inches  broad,  spreading  not  fron  ■ 
centre  (of  attachmeut  ?)  into  a  flattened  irregularly  warv  fnnn  ;  thr 
entire  surface  of  both  upper  and  under  side*  covered  witb  I 
cups,  in  our  Scotch  s|iecnnens  a  line  wide,  in  the  Welsli  ones  1 
less.  These  cups  are  about  two-thirds  their  diameter  Arm, 
edges  smooth  and  even  with  the  griwrol  surface,  and  thetr  I 
rounded  and  almost  always  with  a  ccntrnl  punctiim  or  ili  pittJ 
point  (which  sliows  itself  on  the  cant  as  a  tuU-rcle),  aud  wfakb  1' 
probably  its  point  of  attachment  to  the  menibraue  or  "  " 
ing  the  base  for  Ixilh  series  of  cups.  This  mcntbraac^ 
nmy  have  beeu  its  texture,  is  idways  absent  in  our  1 
row  space,  as  in  fig.  1 7  b,  being  lelt  between  the  opptr 
scfies  of  cups,  though  some  tnoes  of  its  presence  Mv  to  be 
•ome  ahar|)  wrinkles  which  are  seen  radiatmg  from  the  centre  of  iIm 
|)Ute  where  oue  (cries  is  broken  away.  The  lower  surftoe  «t  the 
041*  thciuiieUes  ap|ic«r  to  have  been  a  little  wrinklnl  too  UmsmiIs 
Iheir  pedide,  as  may  be  aoea  on  the  specimen  fig.  1 7  «.  where  one 
aeries  of  cups  hut  besn  wpwmtcd  from  the  oppowtr  uue  belbra  boM 
fosailircd,  aiid  where  we  nave  cooae^uently  oidy  the  impivMiMaf 
their  lower  sur&ce.  Snch  an  imprrssion  has  been  ficnml  (fi 
locality)  by  my  friend  i'rof.  M'Coyf,  as  a  cast  of  hb  ^« 
ybMsa. 

*  ••  Damade'i  trMarin  ■  IHfrtm'  fcr  lUi  icaWt  1*  ilmJj  ^fSsd  to  1 1 

nf  inierti."— M'Coji  n  till 
t  S>B.  CtsMtt  Uril.  I'«L  Ii«cU.IH.  2.  |iLlc%.3*,A 
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Were  it  not  for  tlie  very  large  size  of  the  cells,  and  the  total  ab- 

[sence  of  any  diaphragm  or  covering  to  their  wide  mouths,  it  would 

I  have  been  natural  to  refer  these  double-sided  cellular  plates  to  the 

I  Bryozoa.     I  have  to  thauk  Prof.  Milue- Edwards,  however,  for  call- 

I  ing  niy  attention  to  their  analogy  with  the  Nidi  of  Gasteropod  Mol- 

'  luscs,  the  variety  of  arrangements  among  which  are  so  striking*.    If 

they  are  of  this  nature,  Murrhitonia  seems  to  be  the  only  genus 

likely  to  produce  them,  as  lliat  genus  is  plentifiil  in  both  districts 

'  where  they  occur.  The  name  Niduliteg  might  perhaps  stand,  whether 

Ihey  belong  to  the  Mol/iuca  or  otherwise. 

iMcalHy.  Mulloch  Quarry,  Dalquharran,  in  the  shelly  sandstones. 

Orbiccla  1  CRASSA,  Hall.     Pl.  X.  figs.  3,  4  ;  and  Woodcut,  fig.  7- 

\  0.  ?  crasta,  Hall,  Palseont.  N.  York,  pl.  79.  fig.  H. 

Round,  generally  wider  than  long,  a  little  jwiuted  anteriorly ; 
umbo  quite  close  to  the  anterior  end,  and  much  depressed ;  fine  close- 
set  striic  radiate  from  it,  and  increase  in  number  towards  the  mar- 
gin ;  they  arc  crossed  by  still  finer  concentric  lines  (which  show 
strongest  between  the  radiating  strite),  and  by  a  few  concentric  rugae. 
Shell  thin.     Breadth  H  lines. 

I  As  this  appears  to  be  exactly  the  same  with  some  smaller  speci- 
mens from  the  Utica  slate  of  New  York,  I  do  not  feel  justified  in 
giving  a  new  name ;  but  Hall  describes  Ills  sliell  as  marked  by  strong 
concentric  wrinkles  and  fine  radiating  striae,  and  his  figure  agrees 
with  this  in  making  the  latter  far  less  conspicuous  tlian  the  former  : 
in  ours  the  reverse  is  the  case,  and  the  name  crassa  imidics  some  thick- 

I  ness,  while  ours  is  a  very  thin  shell.  The  woodcut,  p.  151,  shows  a  very 
well  preser^'ed  sjwciinen  from  Ardwell ;  those  in  the  jilate,  from  Pen- 
whapple  Glen,  show  a  laminated  structure  in  tlie  shells,  and  some 
obscure  traces  of  muscular  impressions,  which  can,  however,  be  liardly 
distinguished  from  the  irregular  wrinkles  produced  by  pressure. 
Locality.  Ardwell  and  PenwhappleGleu,  iuOrtboceratite-flogstones. 

Fleuborhynchus  oipterus,  Salter,  var.  ruqmboideus. 
Pl.  VIll.  fig.  C. 

This  is  the  third  species  of  this  genus  as  yet  discovered  in  the  Si- 
lurian rocks  of  Britain.  In  America  they  are  frequent.  Valves  trape- 
zoidal, oblique,  and  (excluding  both  the  produced  ends)  longer  than 
wide,  convex,  and  with  a  broad  keel  running  from  the  beak  to  the 
front  margin  in  a  ilirection  slightly  oblique  forwards.  The  keel 
or  central  portion  of  each  valve  is  a  slightly  elevated  band,  covered  by 
very  regular  and  close-set  stria;  of  growth,  crossed  by  a  few  obscure 
longitudinal  ribs  ;  it  is  most  prominent  (in  this  variety  at  least)  on  its 
forward  edge,  which  ends  on  the  ventral  margin  in  a  projecting  point. 
The  posterior  wing  is  acutely  triangular,  extended  backwards  mto  a 

*  Dr.  Lund  (Annslea  dei  Sc.  Nat.  1834,  2n(l  scr.  vol.  i.  pl.  6.  f.  27,  28)  hw 
figured  some  foKsil  rgig-cuos  a  good  ileal  reseuihling  the  outer  furni ;  liut  do  nitu- 
n^itt  that  I  know  of  has  seen  a  double  series  uf  eijual-sizcd  sacs  arranged  back  to 
back,  after  the  maimer  uf  a  honeycomb. 
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point;  and  the  lines  of  growth  are  here  strong,  coarse  riilgrs,  drcuMitnl 
oy  eighteen  or  nineteen  radiating  ribs,  all  of  equal  stn-ngth,  except 
the  few  posterior  ones,  which  are  a  little  stronger.  The  uitninr  Me 
(in  the  Irish  8i>eciniens  which  I  refer  to  tlus  species)  has  ■  kMc 
straight  spine  (broken  off  in  all  our  specimeus),  and  iu  both  it  H 
dinded  unequally  by  a  low  ridge,  which  extends  from  the  beak  to 
the  margin  n  little  below  the  base  of  the  spine,  and  defines  a  prouitncat 
lunette,  below  which  the  anterior  slope  is  radiated  by  about  a 
crossed  by  nearly  straight  lines  of  growth.  Length  6)  lines. 
exclusive  of  the  anterior  spine,  8  lines.    Depth  of  valves  united,  5  In 

I  believe  this  to  be  the  same  species  with  one  which  was  obta'    

by  the  Geological  Surtey  from  the  Chair  o{  Kildare,  Ireland,  in  t 
limestone  equivalent  to  tLat  of  Llandeilo  and  Bala :  we  have  thrw 
gpecimens,  which  all  var>-  a  Uttle  from  each  other,  one  having  a  mncb 
more  decided  angle  on  tlie  anterior  slope,  the  central  kcrl  tlattrr  and 
more  elevated,  and  not  so  projecting  on  its  forward  edge,  and  two  or 
three  of  the  longitudinal  ribs  very  strong  near  the  keel  on  either  side, 
the  rest  faint.  But  I  do  not  think  this  could  form  more  than  •  t»- 
riety,  which  might  be  named  interruptua,  since  another  »j 
from  the  same  locality  much  more  nearly  resembles  our  shell. 

The  sjiecies  is  easily  distinguished  from  the  P.  prisfiM  from  Gm 
ks  that  species  has  the  lunette  sharply  depreueJ  and  reguUrly  ribboi, 
while  the  lower  half  of  the  anterior  side  ia  amooth.  That  sheO  loo 
was  probably  a  strongly  eariimte  one. 

Loeality.  Craig  Head  limestone. 

Maclurea ,  sp.    Pl.  Vm.  fig.  7. 

it.  magna,  M'Coy,  Rep.  Brit.  Assoc.  1N50,  107. 

Our  specimen,  3  inches  broad,  is  very  incomplete,  and  b 
figured  to  show  the  ohararteristic  fossil  of  this  luind  of  Un 
But  there  are  excellent  s|H.H-inieus,  from  the  sanie  locality,  i 

bridge,  which  agree  well  with  ours,  and  show  that  the  species  !       

considerably  smaller  umbilicus  than  the  M.  maffna,  liaU.  The  shdl 
ia  high  in  proportion  to  its  breadth,  and  has  a  cluiracter  oa  Iks 
up|ier  surface  very  available  for  specific  distinction,  \'n..  the 
ereater  pro|>ortion  of  the  outer  whorl  to  the  preceding  one.  In  I 
llall's  and  Emmons'  figure  of  M.  mayna,  the  inner  whorl 
than  half  the  diameter  of  the  outermost  oue — in  ours  it  ia  naiurfy 
mlxive  one-third. 

In  these  proportions  the  shell  before  us  •  good  dnl  mrakki  • 
fine  siM-cies  common  in  the  Trenton  limestone  of  Canada,  and  wUdb 
I  pm[Misc  to  nan>e  M.  Logani,  at\er  the  experienced  grolofpat  lifal 
has  brought  them  over.  In  his  fine  collection  from  the  (>IU«s 
River,  iu  ccunpiuiy  with  numerous  species  of  Murchuonia,  I'lrar 
maria.  Turbo,  Tvrritflta  .',  Scalitet,  and  other  univalve  thrlta, 
numeruus  fitie  Mnrlurrtr  with  many  of  the  above  char 
associated  with  them,  and  in  one  ca.Hf  exactly  fitting  t: 
the  shell  itaelf,  occurs  the  moat  singular  operculum  ever  duoovei 
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It  is  concentric  and  massive,  while  its  muscular  attachment  to  the 

Ilhell  is  secured  by  a  long  and  stout  process  from  its  inner  surface, 
near  the  upper  edge.     TliLs  peculiar  form  of  operculum  will  at  once 
g;ive  generic  rank  to  Maclurea. 
Locality.  Aldeans  limestone. 
I  Ortboceras  Barrandei,  n.  sp.     Pl.  IX.  fig.  19. 

Short,  tapering  at  an  angle  of  40°;  acute  at  the  extremity ;  the 

»niouth  broad  and  very  oblique,  surface  covered  by  regular,  close 
ridges  of  growth,  which  are  not  waved,  but  pass  obliquely  across 
parallel  to  the  mouth ;  septa  in  the  same  direction,  occupying  half 
the  length  of  the  shell,  and  about  one-sixth  their  diameter  a]iart. 

This  shell  is  named  in  honour  of  tlie  accomplished  M.  Barrandc, 
who  is  engaged  in  figuring  some  liundrt-ds  of  Cephalopods  from  strata 
of  this  age.     He  informs  ub  he  has  several  of  this  cliaracter,  and 
some  even  more  widely  conical. 
Locality.  Mulloch  Quarr}'. 

Orthoceras  vaginatum,  Schloth.?     Pl. 

Ortkoceratite*  vaginatut,  Schlot.,  De  Vern.  Geol. 
pl.  24.  fig.  6. 

Our  shell  shows  the  transverse  coarse  striae,  but  only  indistinct 
traces  of  the  animlations  which  occur  on  this  curious  Northern  spe- 
cies i  but  as  that  circumstance  alone  would  not  be  sufficient  to  di- 
stinguish it,  we  adopt  the  name.  The  oblique  raised  lines  at  each 
constriction  of  the  siphon  are  due  to  the  edges  of  the  septa,  which, 
according  to  I)c  Venieuil's  excellent  figure  of  O.  duplex,  a  closely 
allied  «|)ecie8,  pass  down  in  the  8i)diou  through  the  space  of  several 
septa,  so  as  to  form  a  sheathed  tube  like  that  of  Nautilut  aipho. 

Locality.  Ardwell. 


I 


X.  fig.  7. 
Russia,  vol. 


EXPLANATION  OF  PLATES  VIII.  IX.  AND  X. 

PLATE  VIII. 

I.  VheimrH*  gflatiniMU,  Portl.  >p.     Craig  Head. 
f%  Atapkiu  (holrlm),t\).     Bogang. 

,  3  a,  3 1>.  Tereiralula,  sp.    Ver)  like  iome  from  N.  America.    Craig  Head. 
>.  4a,  it.  Orlhvi  rirgala.  Sow.     Bogang,  Knockdolian. 
,  h  a,  (Mhi»  eonjiuu,  Salter ;  ventral  valve  and  its  interior  cast. 
.  5  li.  The  same ;  interior  east  of  tlie  dorsal  valve. 
.  5  e.  The  same ;  hinge-area. 
.  6  a.  /'leurorhync/itu  diptenu,  Salter,  var.  rhomlioideiu ;  side  view,  with  the 

spine  indicated,  as  in  Irish  specimens. 
.  6  b.  Tlie  same ;  edge  view. 

.  6  r.  The  same ;  middle  part  of  the  valve  magnified. 
>.  7  a,  7  b.  Maclurea,  sp.  \M.  maijna  of  I'rof.  M'Coy's  list).     Aldeaos. 

PLATE  IX. 

,  la.  Calynune  Blumenhaehii,  Brongn.;  small  specimen.     Drummnck. 

.  1  li.  The  same;  the  emarginatr  hvpustonie  attached  henealh  the  head  of  a 

larger  specimen.     Drumtuuck. 
,  2a.  Pkacopt  Slotemi,  Miliie-Edw.  sp.     Mulloch  Quarry. 
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Kig.  2  i.  The  lAmc  ;  caudal  shield.     Mullocb  ({uany. 

Fig.  3.  JllMtu,  ap.  {iU.  Bownuumii).     MuUocb  Quarry. 

Fig.  .1.  £»crinuru4i  yunciatuM,  BruD.  tp. 

Pig.  5.  Lichat  tarattu,  M'Coy. 

Fig.  6  a.  Tntaetdiin  omahu.  Sow.  vtr. ;  natural  (ize. 

Fig.  6  6.  The  ttaiue ;  nug:ni<ieiL 

Fig.  7.  Pelraia  tuMuplicala,  M'Coy.     Malloch  Quarry. 

Fig.  H.  Variety  of  the  •ami',  wtlh  iiiorv  ecjual  lamellae    Mulloch  QoMiy. 

Fig.  9.  Heliolitet  nirotundu4,  Fougt,  >p.  (Porilr$  pyri/ormu,  Laoad.  9L  t 
a  cut  of  the  tnixt  of  the  upper  >urfac« :  they  itand  ool  la  i  ~ 
are  tlightly  indented  by  the  twche  iinall  lataeUc 

Figa.  10 a,  \0b.  Hemilhfru  anfiuti/roiu,  M'Coy;  iutrrior  caal  i>l  ' 

Flgt.navlli.   TrrriraliJa  cuneata,  Dklio. ;  two  apccilueat.     I' 

Fig.  12  a.  .Ilrypa  hrmupkaricc.  Sow.  var.  (Hemilkyrit  Seoilta,  U-\,<i«,> 
valve. 

Fig.  121.  The  saiue;  ventral  valve. 

Rg.  12  e.  The  same ;  iutrrior  rut  of  dorul  valve. 

Fig.  13s.  Or/At)  rererM,  Salter;  inlrnor  c**<  o/donal  valve. 

Fig.  lit.  The  same;  interior  rait  of  ventral  valve. 

Pig.  13  e.  The  lamr ;  cxtcriar  surface  of  donal  valve. 

Fig.  1 «.  Tnehit  .Voorri.  M'Coy  ?     Mullocb  Quarry. 

Fig.  15.   7VirAo,  >p. ;  probalil)  new.     Mullocb  Quarry. 

Fig.  16.  SiduUin  fanu,  Salter:  ca-'    "<  •'"  '"«^rr  aide  of  na*  SMi««f  ca^ 

Fig.  \7a,  Thrsaute;  inti-rior  cati  <  i>fni|».     MaBacfc  Qufiy. 

Fig.  171.  The  name;  side  view  of  ■.:  .    or,  ahowing  both  I 

Rg.  18a.  iielUro/ih<m  aruluM,  .Sow.;  Mile  view. 

Fig.  IH  6.  The  same ;  edge  view. 

Fig.  19.  Orlkoerrat  Harramdti,  Salter.     Mnllodi  Quury.    lN.B.  TV  aevMi 
too  indistinctly  marked  in  the  figure.) 

PLATE  X. 

Pig.  1  a.  OraptoUtkiu  tenuu.  Von\. ;  natural  size,     riedmont  Clta. 

Pig.  I  b.  The  same ;  magnified. 

Pig.  2tt.  DifUograiaut  buUaliu,Sii\ta;  natural  tixe.     AnIwrIL 

Pig.  2 1.  Tlic  tame ;  ma{(i>iricil,  and  ticwed  a  little  6blii|uely  to  tbow  the  Ik 

Kigs.  3,  4.   OrltnUa  ?  eraaa.  Hall.     Henwhaiiple. 

Fig.  6.   (Mkucrrat  puUlum,  }A'y^^i\  ;   rrduOM  OM  half. 

Pig.  6  a.  Tlie  umc ;  nbowing  Ibe  ifislanr*  batWMli  Iht  teptit 

Fig.  61.  Tlie  ume;  showing  a  septum  and  the  sipbunde. 

Pig.  7.  Ortkocrrai  vafmatrnm,  ScUoth. ' 

Rg.  8.  Cyrforerof,  sp. 


FBBRtIARV36,  1851. 

The  following  oonimunicstion  was  read : — 

On  the  Silurian  Rocks  of  the  Sotmi  of  Smitlai«o.     I^  II. ! 
Dv  Sir  Rodkrick  Imi-kv  MuKtuisox,  (J.C.ScS.,  P.R.S.  0.8. 
L'.S.,  lion.  Mtiii.  U.S.  tAliiilxirgh,  K.I.  \e..  Mrm.  Imp,  \e.  8c. 
St.  IVtrrsbiirph,  C'orr.  Mfin.  -Ac.  Fmnpf,  Borliii,  Ttaria,  GoMa-j 

hagrii,  \c.  fiv.,  Biiil  Presiiieiit  of  the  Rojral  Unignphieal  ** ^ 

Lundon. 

[Abstract  |iru>t«d  with  Part  L  p.  1(8.  i 
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It  beIon§:ed  evidently  to  a  very  delicate  aud  pretty  Fern,  tery  Iik« 
dome  of  the  more  fiiiely-out  Diektonia  of  the  present  day  ;  aad  ks 
fructification  clearly  shows  that  its  real  affiuitv  waa  with  that  MMM. 
The  fragment  ig  bipiniiatifid :   its  raohis  ratWr  broadly  bonlmd  ; 
the  leaflets  (pinnulic)  alternate,  somewhat  oblong  in  outline,  r«^;;ularly 
piiiiiatifid,  with  a  strongly  marked,  wavy  or  dightly  (igng  midrib  }  J 
their  segments  separated  a  little  more  t\ian  half-way  to  the  midribw  * 
alternate,  or  in  part  nearly  opposite,  short,  contracted  belnw,  dilated 
at  their  apices  into  the  indutia  containmg  the  rrurtifirattim,  whwh 
are  convex,  with  a  rounded  or  rather  reniform  outline,  their  crolail 
diameter  Ixnng  transverse.     No  capsules  are  \-isible,  the  I'ructiAallaD 
being  probably  in   a  young   state.      In   general,  each   ■nnwiil   m 
traversed  by  a  single  vein,  and  bears  a  single  indusiuiii.  bat  a  tem  t4 
tliem  are  slightly  two-lobed,  bearing  two  induaia,  and  baTiutf  their  1 
vein  forked.     Tlie  barren  segnienta,  of  wliich  only  one  ia  ttto  m  this    ' 
specimen,  are  fan-sha)>ed,  unequally  and  rather  deeply  toothed  at  the 
apex,  witli  obtuse  teeth  •  the  veind  radiating,  without  any  midrib. 

The  indutium,  which  is  all  that  we  see  of  the  fructification  of  tliia 
interesting  little  Fern,  closely  re:ienibles  in  form  and  |iositioD  thr  ia- 
dusia  of  certain  species  of  Ihcktonia,  of  the  Culrila  group,  rtptaaUj 
D.  eonii/olia  (Hooker)*.  In  the^e  plants  the  indusium  roiMHU  oi 
two  convex,  reniform,  equal  or  nearly  equal  valves,  tenniwitiwK  tk> 
short  lateral  lolies  or  teeth  of  the  leaflets.  To  show  their  umilftritj 
to  our  fossil  Sphenirpteris,  I  have  drawn  (  PI.  XII.  fig.  2)  a  IralSci 
of  a  recent  Dieitonia  (I  believe,  D.  conii/olia),  from  New  Granadaf : 
whereby  it  will  be  seen  that  the  indiisiutn  uf  the  fosuiil  *o  w^  asrm 
with  that  of  the  recent  plant,  in  an  iuimature  state,  mt  to  ksive  little 
doubt  that  both  U-longed  to  the  same  genua,  llie  spcctM  ia,  bo«> 
ever,  clearly  iliiTerent,  the  segments  of  tiie  recent  Efiekmmia,  wkm 
barren,  being  elongated  and  acute,  the  leaflets  themselves  kmfV  mtt 
more  taper-pointed,  and  the  rachis  on  which  they  are  set  hariag  a 
rerv  narrow  border  ;  besides  that  Che  frond  is  of  a  more  rigid  amtt. 
It  IS  only  with  this  group  or  section  of  IHeJttonia  that  oar  (ami  an 
well  be  compared  :  m  most  of  the  other  species,  and  puticolwij  in 
those  composing  the  subgenus  PnttiMin  I,  tnc  inihisium  is  monr  cap- 
shaperl,  and  opens  towards  the  back  of  tlic  leaf,  not  in  tb«  plane  td 
its  margin,  as  it  does  in  D.  Culeitu,  conii/olia,  aod  Martiamm ;  it  ii 
moreover,  in  the  greater  number,  seated  in  the  «iaiiw«  of  the  lofac*  W 
teeth,  and  not  at  their  tins. 

Of  the  numerous  fossil  Ferns  included  in  the  genus  Spkmopttrit 
of  Brongniart,  ver^'  few  have  Im-cu  found  with  distinct  trace*  of  fruc- 
tiflcation  ;  and  I  am  not  aware  tliat  any  in  tliis  state,  from  the  oelitie 
foraiatioiio,  ha\e  yet  been  published.  Of  titooe  described  and  Sgimd 
by  Guepprrt,  whifli  are  all  from  the  coal-formation,  hi*  B\ 
phyUitri  UumboUltuI)  |HTlmps  comes  ueareat  to  the  premi 
but  is  yet  abundantly  different.     The  form  of  the  iiidusia 

*  Sneeui*  rUicuiu.  voL  i.  p.  70, 1. 14  A. 
t  No.  1009  al  Liiiilrn't  rulWtion. 
]  8m  Hooker's  Spec.  Kil.  vol.  i.  lalt.  36-2S. 
f  S)>t.  Vil.  FuM.  \>.  2&t.  I.  31.  r.  1.  S. 
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ipecies,  as  represented  by  him,  well  agrees  with  that  which  is  common 
in  the  recent  Htjmenophylla,  while  their  reiiiform  or  transversely 
ohiong  shape,  in  ours,  is  more  characteristic  of  lHc/c»onia.  To  that 
genus,  I  think  it  clear  that  our  plant  is  allied,  although  in  its  techni- 
cal cbAracters  there  is  nothing  to  exclude  it  from  the  Hymenophyl- 
litet  of  Goeppert.  The  texture  of  the  frond  is  almost  too  vague  and 
uncertain,  in  a  fossil  state,  to  afford  good  generic  characters  ;  Iwsides, 
there  is  no  proof  that  the  texture  of  tliis  Sphenopterit  was  more 
membranous  than  that  of  Dicksonia  punctiloba*  for  instance  ;  and 
the  distribution  of  the  veins,  one  vcinlet  running  into  each  ultimate 
lobe  or  segment,  is  the  same  in  many  Dicksoniee.  If  the  fnictifica- 
tion  were  not  so  very  rare,  it  might  doubtless  afford  good  characters 
for  8ul)dividing  the  genus  Sp/ienopteris,  which  evidently  includes 
types  allied  to  several  very  distinct  recent  genera.  But  as  it  is,  it 
appears  to  me  that  there  is  more  practical  convenience,  for  the  pre- 
sent, in  leading  this  genus,  however  miscellaneous,  ujiited  under  the 
name  and  character  originally  assigned  to  it  by  Brongniart. 

Tlie  Balantites  Martii,  Goepp.,  from  the  coal-fonnation  of  Silesia, 
is  evidently  allied  to  the  genus  Diektotiia  as  understood  by  Uooker, 
but  to  a  different  group  of  species  from  that  to  which  I  have  com- 
pared our  plant ;  and  in  the  form  and  division  of  its  frond,  it  comes 
nearer  to  Pecopteris  than  to  Sphenopteri*. 

>  Another  and  a  very  interesting  fossil  plant  which  I  may  here  men- 
lion,  as  having  in  all  probability  belonged  to  the  same  tribe  of  Fcnis, 
Es  the  Tympanopkora  rafemosa  of  the  '  Fossil  Flora,'  figured  in  that 
trork  from  such  imperfect  mati'rials,  that  its  afKiiities  appeared  alto 
gether  doubtfiil.  The  splendid  specimens  in  Mr.  Bean's  collection 
show  clearly  that  it  was  the  fertile  state  of  a  Feni,  having,  like  the 
Diektonete  and  Hymeitiiphy!h(e,  its  fructification  contained  in  termi- 
nal cup-shaped  indusia.  Mr.  Bean's  best  specimen  shows  a  very 
considerable  portion  of  the  frond,  which  is  regularly  tripinnate,  and 
has  thoroughly  the  aspect  of  a  Fern  :  the  main  stalk  rather  thick, 
firm,  and  rigid  ;  the  subdivisions  sleiuler  and  delicate,  with  no  distinct 
leafy  border  or  expansion  ;  the  frond  being,  as  in  some  recent  Ferns, 
reduced  to  the  mere  skeleton  or  framework  of  veins.     It  has  thus, 

•  AS  Brongniart  rcmarksf,  an  evident  analogy  with  the  Thyrtopteris 
tUgan»X,  a  very  remarkable  recent  Feni  from  Juan  Feniaudez,  in 
which  the  fertile  part  of  the  frond  has  no  parenchyma,  consisting 
solely  of  the  ribs  or  skeleton  of  the  trininnatifid  leaf,  with  the  cup- 
like  iudusia  terminating  its  idtimatc  divisions.  It  is  very  interesting 
to  find  these  rare  and  singular  types  of  structure  common  to  two 

■  geological  periods  so  widely  separated. 
The  Thyrsopteris  has  fertile  and  barren  branches  on  the  same 
frond.  In  those  specimens  of  the  Tympanophora'viYneh.  I  examined, 
there  was  no  appearance  of  any  barren  leaflets,  nor  of  one  part  of  the 
frond  being  different  from  the  rest ;  but  Mr.  Bean,  whose  long  study 
and  close  observation  of  the  Scarborough  fossils  give  great  weight  to 
his  opinions,  thinks  that  the  Pecopterit  3/urrayana,  Brongn.,  is  the 

il.  vol.  i.  p.  79.  t  Tubleau  de»  Genres,  p.  26. 
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hairen  state  of  thu  plant.  The  aspect  of  the  two  m  COTtaialjr 
different,  yet  not  more  so  than  that  of  the  barren  and  feitiW  wtmUt 
various  recent  Ferns.  I  have  not,  myself,  seen  anr  fptdnoM  tend- 
ing  to  prove  the  identity  of  the  two.  Bmnpiiart,  indcvd,  haa  repie- 
sented  in  P.  Mwrrayuna  an  appearance  strikingly  similar  to  the  «»• 
duaiiun  of  an  Atpuiinm  or  Polyttichum  ;  but,  what  is  aingular,  hm 
has  totally  omitted  all  mention  of  this  in  his  ilescription ;  and  k  ic 
possible  tViat  the  nppcnnuiee  may  haw  been  cithrr  purely  miitimti 
or  produced  bv  a  jiamsiticnl  Fiinpis. 

The  <li.stinetinn  of  Tymjxinnphnra,  as  a  genus,  from  Spktncpttru, 
or  from  G<.»eppprf 's  Trichomanitei,  must  rest  mainly  on  the  ilntnity 
of  the  barri-n  and  fertile  leaflets,  if  this  be  really  the  eaae.  OllKr> 
wise,  I  do  not  see  how  it  is  to  Ih<  kept  getierically  sepaimta  froB  tha 
flTt'up  just  mentiuned.  The  Trichomanite*  Btinerti,  Ooepp.*,  m 
strongly  resembU-s  it.  both  in  (he  extn-tiie  «lendenMMof  theiUtinMa 
divisions  of  its  frond,  and  in  (he  form  of  its  fhut-bcaiing  euft,  tkat 
one  feels  unwilling  to  plai-e  them  in  separate  gmcTB. 

2.  BaiekaT  gracilis,  nov.  sp.     Pl.  XTI.  tj^.S. 
SehisopierU  grarilu,  Ik>an,  MSS. 

This  plant  is  slightly  noticed  by  M.  Adolphe  Bruugniart 
'Tableau  des  Genres'  (p.  38),  where,  after  8|>eak.iug  of  ibe 
pterit  diyitata  of  the  '  Fossil  Flora,'  wliich  he  refers  (thoi^  witk 
some  doubt)  to  the  gieniis  Bairra,  he  mentioua  "uac  omct  da 
mcmes  localitcs  \  loltes  lini^res."  Tliis  is  all  the  pnblkhM  mecamt 
that  I  can  find  of  it ;  yet  it  does  not  appear  to  l>e  rrnr  tmnmmoD  ii 
the  "  Lower  Sandiitones  "  of  the  Senrlxirongh  series,  uir  I  aaw  aennl 
sp'cinu-us  of  it  in  the  collections  of  Ih-.  .Murray,  .Mr.  Bean,  and  Jfni. 
Phillips,  and  tiroeurcd  one  from  a  dealer  nl  SearlKirough.  It  ia.«kk- 
OUt  <loubt,   closely  allietl  to   the  plant  alxivc  mention'   '  '"•'fith 

pterit  //1///0H1  of  Stendn'rgand  of  Morris  (C.digitata,  1  ■4): 

the  general  form  of  the  frond,  its  dichot<mious  nuMle  of  di^utiiMi,  aid 
ap|mn'ully  its  texture,  are  alike  in  lx)th  ;  but  in  the  plant  iinw  IkAiic 
OS  the  IoIh-s  are  much  lunger  and  narn>wi'r  (lian  iu  llie  otlier,  ncariy 
linear,  very  slightly  wideuiiig  upwards,  and  acute  at  their  tips.  11k 
■talk  is  long  and  narrow,  striated  and  slightly  chauueW  aioi^  ia 
upper  surface,  exi>anding  very  gradually  into  the  leaf,  which  a  oa» 
•laotly  and  very  deeply  di«  ided  utto  two  parts,  each  of  these  being  i^giiB 
repeatiHlly  bifid,  with  great  rt^iilarity.  The  ultimate  lobea  are  ka^ 
strictly  linear,  ending  rather  suddenly  in  a  point.  GUmenl  oolfiae  af 
the  leaf  fan-shap<-<l.  \'eiiks  rather  nl>scure,  but  they  witm  U»  W  fie*, 
nearly  simple,  and  parallel,  very  sparingly  forked,  not  conAaeMt ;  a* 
trace  of  a  midrib. 

Mr.  liean  gave  this  plant  the  MS.  name  of  Set 
but  although  it  might  l)e  ditHcult  to  frame 

sboulil  separate  it  from   tin-  origiiul  SehiiojUtrit  mmommki,  tlw  tnt 

of  that  genus,  yet  it  ap|H-ant  to  nie  clear  tlutt  it  liaa  no  umg  ttttttf 

witli  that  truly  auumaluus  plant.     The  mode  of  diviiion  (if  UlB  ftsit 

•  SjA  FU.  Pou.  p.  K3.  t.  32.  t  1 
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lich  is  very  regular  in  the  one,  remarkably  irre^ilar  in  the  other, 
d  the  wide  difference  in  the  general  aspect  of  the  two  plants,  seem 
indicate  a  difference  of  nat\ire  which  forbids  onr  ])laciiig  them  in 

Ee  genus.     According  to  Brongniart's  latest  views*,  the  Scki- 
OHomala  still  stands  alone.     Uur  plant  seems  to  me  clearly 
ler  of  the  Cyclopferu  or  Baiera  Iluttoni,  although  distinct 
ough  as  a  species,  not  only  by  the  form  of  the  lobes,  l)Ut  by  the 

Ely  simple  veins.  The  genus  Baieraf,  to  which  M.  Urongniart 
spos<'d  to  refer  these  two  species,  was  originally  founded  on  a 
int  from  the  lias  of  Bayreuth,  which  is  characterized  by  a  fan- 
apcil  and  lahed  frond,  with  the  primary  veins  dichotomous,  the 
condary  veins  forming  a  network  of  elongated  angtdar  meshes 
tween  the  primar)'.  This  last  character  is  considerably  at  vari- 
lee  with  that  of  our  two  ])lants,  which  have  veins  simply  dichoto- 
Dus,  without  any  trace  (in  general)  of  secondary  veins.  In  one  or 
ro  specimens  of  the  Ci/c/optmi  Iluttoni  (especially  in  one  in  Prof, 
hillips's  possession)  I  have  indeed  obsened  an  appearance  of  min\ite 
ansvcrsc  veiulets  connecting  the  principal  veins ;  but  I  feel  doubt- 
il  whether  this  appearance  may  not  be  deceptive,  since  I  could  ob- 
■rve  nothing  like  it  in  any  of  Dr.  Murray's  numerous  specimens  of 
(e  same  plant,  which  I  examined  with  care.  Similar  short  trans- 
jrsc  veinlets  (like  those  of  Monocotyledonous  leaves)  exist  in  the 
\riehomane»  Jiorilvndwn,  but  in  no  other  recent  Fern  that  I  know. 
Ithough  there  is  no  other  point  of  resemblance  between  that  Tri- 
tamanes  and  the  fossil  plant  in  question,  this  example  shows  that 
ch  a  j)eculiarity  of  venation  would  not  suffice  to  exclude  the  Cy- 

Bterit  (Baiera)  Huttoni  from  the  order  of  Ferns, 
do  not  perceive  any  pr(x)f  that  these  two  fossil  plants  (Baiera 
itttoni  and  B.  t/rariliji)  ought  to  be  removed  from  tlie  Fcnis, 
Khough  their  form  and  aspect  may  be  rather  unusual  in  that  family. 
"he  nearest  ajjproacli  to  their  characters  that  I  know  among  re- 
pnt  Ferns  is  to  be  found  in  the  barren  fronds  of  Acrastichum  pel- 
ttum  and  its  allies  (fonning  the  genus  Rhipiilopteris  of  Sehott) : 
^ese  resemble  our  fossils  as  well  in  the  mode  of  division  of  the  leaf, 

tin  the  distribution  of  the  veins.     M.  Brongniart  refers  the  two 
sil  species  in  question  to  Margileaee<e,  apparently  because  of  their 
upi>o8ed  affinity  with  the  original  Baiera.     But  they  are  at  least  as 

Eerent  in  shape  from  the  leaves  of  any  recent  Marsileaceee  as  from 
;nt  Ferns,  and  their  venation  would  accord  as  well  with  the  one 
lily  as  with  the  other ;  nor  have  they  ever  (as  far  as  I  can  leam) 
leen  found  in  connection  with  anytliing  resembling  the  peculiar 
hictification  of  the  Marnlea  tribe.  M.  Brong:niart  indeed  conjce- 
ures  that  the  so-called  SphetreJa  paradoxa  may  be  the  fructification 
if  one  or  other  of  these  ]>lants  ;  but  this  conjecture  is  unsupported 
ly  any  evidence  that  I  am  aware  of.     My  friend  Professor  Phillips 

t  of  opinion  that  the  Spluereda  is  connected  with  Ctenis  falcata. 
The  Cyrlojtteri*  or  Baiera  Iluttoni  is  easily  distingiushable  from 
irongniart's  Cyclupteris  ditjituta,  although,  in  the  Scarborough  col- 
ections,  both  are  usually  labeled  with  the  same  name.     In  Brou- 

CGenro,  p.  3t.  f  Jtat^iauUa,  linger,  Syn.  p.  112. 


184         PROCEEDTNGS  OF  THK  GEOLOGICAL  sortmr.    [M»r.  14, 

gniart's  plant,  the  frond  is  diviiled  U><is  than  half-way  down  :  it*  lobM 
contiguous,  broad,  not  tapi-ring  downward;*  (or  but  rrry  tiightlv  ao), 
abrupt  or  truncated  at  their  extremities,  and  often  rniar^iuUr  ;  thrrr 
is  nothint;  of  that  tendency  to  a  regular  dichotomous  divinon.  which 
is  conspicuous  in  the  other ;  the  general  outline  is  a  large  wy m  ul 
of  a  circle, — more  than  a  semicircle, — the  outennost  lobM  pointiwK 
somewhat  backwards.  The  texture  of  the  leaf  ap(K-ars  tinr.  cwm;  aan 
firm  ;  the  surface  glossv  ;  the  veins  slender,  lint  sliar])  ami  Twr  dS- 
■tinct.  Lindley  and  Ilutton's  plant  has  its  leaf  (in  all  the  sytrcimcnt 
I  have  seen)  elefl  into  two,  quite  down  to  the  stalk  :  the  dhisiaas 
re]K'atedly  IoIhmI  in  a  dichotonious  manner ;  the  lubes  rather  wkMy 
8e|>arate(l,  more  or  less  wedge-shaped,  obtuse,  but  by  no  BiMUiS  tim> 
cat^-d.  The  texture  appewrs  much  coarser  than  m  the  fiitf,  with 
comparatively  large  and  rather  prominent  cells,  which  give  an  iit>- 
pearance  of  roughness  to  the  surtaci>,  ap|>arently  indejiendcol  at  tat 
texture  of  the  stone.  The  veins  also  are  coaraer,  more  nevlT  pwalM, 
and  less  frequently  forked.  Whatever  this  plant  maj  he,  Bno- 
gniart's  Cyrlopteris  digitata  is  undoubtedly  a  tni<'  Fern.  This  ImI 
seems  to  Ik-  confined  to  the  upper  plant-l>eil,  or  that  of  (iriathsrpr: 
the  C.  Huttoni  prevails  more  in  the  loioer  sandstonex,  but  mn>t  hair 
au  extensive  geological  range,  since  it  has  been  found  by  Dunkcr  in 
Uic  Wealden  formation. 

3.  SAaENOPTBHis  cvNEATA,  Morris,  Cat.  Brit.  Foat.  p.  20. 

Otopteri*  euneata,  L.  &  II.  Foss.  Fl.  t.  155. 

It  ap|tears  very  singuUr  that  th'is  plant  should  hare  been  leflcrnd 
by  the  authors  of  the  '  Fossil  Flora '  to  the  genua  Otopterit,  stace 
their  own  figure  shows  that  it  has  none  of  the  characters  o^ 
group.  Professor  GoepjH'rt,  who  refers  it  to  his  Adiantitt*,  i 
itnt  to  have  seen  a  specimen,  and  to  have  overlooked  the  retM 
of  the  veins,  correctly  represented  in  Lindley  anil  Mutton's  ^^ 
1  have  examined,  in  Mr.  Bean's  collection,  the  identieat  sjucIhw  ' 
figured  in  the  'Fossil  Flora,"  and  1  am  satisfied  tbnl  Mr.  Me 
lias  judged  rightly  in  referring  this  plant  to  the  same  ^ 
Sagmopteri*  or  Glcstojiteri*  Pkillipiii.  But  I  am  in. 
further,  and  to  believe  that  the  so-cnlled  Olopterit  rumrata  i 
an  imperfect  or  abnonual  state, — probably  a  see«lling,— <»f  tlie  i 
Sagenopterit  Philliptii.  Mr.  Bean's  stieeinien,  just  metitiODnl,  has 
two  obovate  or  subcuneate  leaflets  seated  at  the  top  of  a  faraail  la> 
stalk  :  there  is  no  au|>earaiu-e  of  the  stalk  having  been  praloaBBl 
beyond  them,  or  hanng  bonie  other  leaflets  ;  the  numner  in  wtuck 
they  are  attached  to  the  stalk  by  a  luirrow  base,  but  not  artieidital 
with  it,  is  exactly  the  same  a«  in  Sagenopteri*  Pkillipmi ;  and  tlw 
renation,  which  is  very  marked  and  }ioculiar,  cloAcly  af^iiea,  euMl 
that  there  is  no  distinct  midrib,  .\nother  specimen  in  Mr.  Biva 
rollretion  has,  in  the  iilace  of  the  Itno  leaflets,  a  nitfftf  temUMl  m^ 
.tnvenK-ly  heart-8ha|iea,  cleft  rather  deeply  (but  not  half-way)  intotw* 
Hobcs  ;  the  venation  the  same  as  in  the  other.  This  sort  M  ymriatin 
[in  form  s^pew*  to  me  quite  analogoua  to  what  we  oAas  wm  ia  tht 
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primordial  or  seedling  fronils  of  recent  Ferns  ;  and  these  are  frequently 

more  different  from  the  mature  state  of  the  species  to  which  they 

belong,  than  is  one  of  our  fossil  plants  from  the  other.     With  respect 

_^  to  the  absence  of  midrib,  which  might  be  considered  a  distinctive 

B  charmrter  of  the  S.  cuneata,  I  have  seen  sjwcimens  of  the  ordinary 

^  form  of  S.  Phiiliptii  in  which  this  rib  was  but  slightly  marked  ;  and 

it  is  often  fnint  or  indistinct  in  the  seedling  leaves  of  Ferns,  while 

strongly  developed  in  the  mntiirp  state  of  the  same. 

It  remains  to  be  inquired,  whether  the  fUossopterii  Philliptii  of 
the  '  Fossil  Flora '  be  really  identical  with  llie  plant  so  called  by 
firongniart.  I  must  observe  in  the  first  place,  that  the  plate  in  the 
above-mentioned  work  does  not  accurately  represent  the  venation,  — 
at  least  as  it  appears  in  the  numerous  specimens  I  have  examined. 
The  veins  go  off  at  first  from  the  midrib  at  an  extremely  acute  angle, 
CTirving  vcrr  griuiuallv  towards  the  margin,  much  as  in  Neuropttrin ; 
and  the  areolie  or  me.shes,  formed  by  the  luiiistomosing  of  their 
branches,  are  much  longer  and  narrower,  and  at  the  same  time  less 
imiform  in  shape  and  size,  than  they  are  represented  in  the  plate  I 

» allude  to.  M.  Brongniurt  figures  his  Gtotui(tpteri»  PhiUipxii  with 
free,  not  reticulated  veins  ;  in  his  description  lie  does  not  allude  to 
this  part  of  the  character  ;  but  Prof.  Goeppert,  in  describing  Lindley 
and  Button's  plant,  notices  this  glaring  discrepancy  between  the 
figures  given  under  the  same  name  in  the  two  works,  and  conjectures 
the  plant  intended  by  Brongniart  to  be  essentially  different  from  that 
of  Lindley  and  Uutton.  Hrongniart  himself,  in  his  latest  review  of 
fossil  botany*,  corns  to  the  same  conclusion,  and  frames  a  new 
genus,  Phyllopteris,  for  his  original  Glossopteris  P/iil/ipgii,  stating 
that  it  agrees  in  its  general  form  with  the  Sayenopteris  iif  the  same 
locohties,  but  differs  materially  in  its  venation,  which  is  not  at  all 
reticulated.  He  is  of  opinion  idso  that  the  plant  figured  by  Prof. 
PhiUips  in  the  '  Geologj'  of  Yorkshire,'  is  his  Phyllopteris,  and  not 
the  Sayenopteris.  The  accuracy  of  the  great  French  botanist  is 
above  all  suspicion  ;  but  I  may  observe,  that  his  P/iyt/opterU  must 

■  certainly  be  very  rare  ;  for  in  none  of  the  collections  that  I  examined 
at  Scarborough  and  York,  not  even  in  Prof.  Phillips's,  could  I  find 
a  single  specimen  answering  to  his  description  of  this  new  genus. 
Mr.  Phillips's  original  drawings,  which  he  had  the  kindness  to  show 
me,  and  which  are  but  imperfectly  represented  in  the  publisiied  work, 
■how  clearly  that  /n'n  plant  was  the  Sayenopleri*  ;  and  this  is  what 
we  always  find  under  the  name  of  GlosaoptcrU  P/itlfipsii  in  the  local 
collections.  Ita  leafli'ts  varv-  in  breadth,  and  Mr.  Phillips  observes 
that  the  veijis  are  more  conspicuously  reticidated  in  proportion  as  the 
leaflet  is  broader ;  a  circumstance  not  without  exumjile  in  recent 

KFems. 

0  Goejipert  formerly  considered  the  narrower  (and  more  common) 
form  of  this  jdaiit  as  the  fertile  frond,  and  the  broader  as  the  barren 
state  of  the  same  ;  but  I  beUeve  no  one  has  been  able  to  detect  the 
least  trace  of  nnything  like  fructification.     Mr.  Bean,  on  the  other 
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hftnd,  hns  given  tin-  name  of  GlottopterU  Duuiii  to  the 
forni,  eoiisiJeriug  it  ns  a  distinct  species. 

It  has  often  been  remarked  that  the  extinct  plants  and  i 
found  in  a  fossil  state  are  more  dissimilar  to  those  now  exiatinc,  ia 
proportion  as  the  formation  in  which  they  occur  L>  morr  anrmit ; 
tliat  those  in  the  oldest  rocks  are  most  ludike  our  present  cmOian, 
and  that  in  the  secondarA'  and  tertiary  periu<ls  thev  ^^nuluaDv  a{>- 
proxiniate  to  it  more  and  more.  But  however  true  tiiis  mar  be  ■•  a 
general  rule,  the  Ferns,  I  think,  form  an  exception  to  it.  "fht  Fcnta 
of  the  Oolite  can  hardly  be  said,  on  the  whole,  to  resemble  the  rtocat 
kinds  more  eloselv  than  do  those  of  the  Carboniferous  (leriod.  Tb* 
Alethopterit  lonehitira,  and  its  allies,  found  in  the  old  Coal-formatiei^ 
are  so  exceedingly  similar  to  existing  Ferns,  that  some  c*re  M  !•• 
quired  to  distinguish  them  even  specifically.  The  I'rcopferiJet  tt 
tnc  Coal-measures  are  not,  generally  8|>eaking,  less  similar  to  roccvt 
Ferns  than  those  of  the  Oolite.  And  our  Sayirnopti'ru  PMIlipmi, 
on  the  other  hand,  although  there  can  be  no  doubt  that  it  is  a  Fern, 
appears  as  dift'erent  from  all  existing  forms  as  any  of  thoae  in  the 
Coal-formation.  Its  venation  indeed  is  not  unUke  tltat  of  some  revrot 
species, — of  Iletnionitit,  for  example ;  and  the  digitate  form,  though 
very  rare,  is  not  (|iiite  without  recent  analog)' ;  but  in  no  Irving  FcfB, 
at  present  known,  is  there  the  combination  of  the  digitate  firuud  with 
the  reticulated  veiuition. 

4.  Pecoptkhis  CjBspitosa,  Phillips,  Gcol.  Yorks.  pi.  8.  f.  10. 

This  remarkable  plant,  although  there  is  a  characteristic  fifpue  of 
it  in  Mr.  Phillips's  work,  is  entirelv  omitted  by  Brongniart  (e«eB  ia  ' 
his  latest  hst  of  fossil  plants  of  tKe  Oolite),  by  Uocnprrt,  aLDil  hj 
Unger.  I  mention  it  here,  chiefly  for  the  purpose  of  cxprMUBf  a 
doubt  respecting  its  true  struct  ua-,  which  I  think  worthy  of  rtW 
tion.  Prof.  Phillips  gate  it  the  name  of  ccnrpi'/cMa,  nndrr  tke 
impression  (as  he  informs  me)  that  the  spedmen  which  hr  fi^mtJ 
consisted  of  a  cluster  of  piimated  fronds  springing  from  a  tufted 
rhizome  ;  and  this  appearance  is  well  expressed  in  Itis  nlate.  Bat 
the  s|M>cimen  which  I  have  examined  in  Dr.  Murrny's  coliecdaa  pw 
quite  a  different  idea  of  the  structure  of  the  plant :  it  has  all  thr  tf- 
pcarancc  of  a  compound  frond,  with  live  or  six  pinuKf  railiatin|;  ia  a 
fingered  form  from  the  top  of  a  broad  stalk,  and  spreading;  out  all  in 
one  plane.  Another  specimen,  which  Mr.  Phillips  showed  mr  in  his 
own  collection  (and  which  he  obtained  aAer  the  publication  of  hi> 
work),  presi-nts  a  similar  ap]M-arance.  None  of  these,  nnfnrtlinafrljr. 
•re  iiulhciently  well-preserved  to  remove  all  doubt  as  to  the  real  fcrai 
of  the  plant  ;  and  it  remains  to  be  decided  by  the  discOTMT  of  mocc 
perl'ect  s|KTimens,  whether  the  frond  of  this  Pecopleris  was  mnttf 
(uire  pinnated,  or  digitate,  with  pinnated  division*.  I  think  thit  • 
point  Worth  the  attention  of  those  who  may  have  an  opportonilT  of 
making  further  rrM-arches  in  the  Scarborough  pUnt-hr<U.  In  dthar 
enm:  tliis  Fern  np|H-ar»  to  be  a  very  distinct  sjwcics  from  any  other 
yet  kuuwii  in  the  same  formation.     If  it  had  pinnated  froiub  tpriof- 
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ing  from  a  tufted  rootstock,  it  whs  probably  a  near  ally  of  some 
species  which  have  been  found  in  the  Wealden  deposits  of  Northern 
Germany ;  and  it  may  have  been  related  either  to  the  recent  Po/y^wrfi'o, 
or  to  the  Blechna  and  Lomarice,  to  which  latter  perhaps  it  would  have 
a  nearer  resemblance.  On  the  other  hand,  a  frond  of  the  form 
which  seems  to  be  indicated  by  Dr.  Murray's  specinioii  would  resemble 
the  fossil  genera  Lareopterit,  Goe[ip.,  and  Aitdriaiiin*,  F.  Braun,  to 
one  or  other  of  which  it  is  very  probable  that  our  [)lftnt  might  be  re- 
ferred if  its  fructification  were  known.  The  described  species  (very 
few  in  number)  of  both  these  groups  belong  to  the  Lisa  of  the  district 
of  Bayrcuth. 

I  nave  only  to  add,  that  the  veiiis,  in  all  the  specimens  I  have  seen 
of  Pecopterit  ctMpitota,  are  ill  preserved,  but  appear  to  resemble 
those  of  P.  SuUiana,  a  species  belonging  to  the  Gres  bigarr^. 

^B  5.    ACKOSTICHITES  WiLLIAMSONI. 

^  Pecopterit  Willianutonvs,  Ad.  Br.  Hist.  V^.  Foss.  i.  p.  32-1.  t.  110. 
f.  1,  2;  L.  &  II.  Foss.  Fl.  t.  126. 

curlafa,  Phillips,  Geol.  Yorks.  t.  8.  f.  12. 

Acroiticliites  Wittiamnoni,  Goeppert,  Syst.  Filic.  Foss.  p.  285. 

1  mention  this  common  and  wcU-kiiown  pliuit  of  the  Yorkshire 
Oolite,  merely  for  tlie  sake  of  remarking,  that  I  think  it  may  be  re- 
tained as  a  genus  distinct  from  Pecopterig,  uuder  Goeppert's  name  of 
Acriuticfiites.  It  is  true  that  the  venation  aflbrtLs  no  character  by 
which  it  can  be  known  from  the  Neuropteroid  section  of  Pecopterit ; 
and  the  peculiar  form  of  the  leaflets  woidd  afford  only  a  sjiecific  cha- 
racter ;  but  the  fnictification  is  so  retnnrkably  different  from  that  of 
all  other  Pecopterulea  which  have  yet  been  found  in  a  fertile  state, 
as  to  show  that  the  plant  naturally  belongs  to  a  different  group  ;  and 
at  the  same  time  it  is  of  such  frequent  occurrence,  that  I  see  no 
practical  inconvenience  in  taking  it  for  the  basis  of  a  generic  character. 
That  the  small  round  bodies  which  so  frequently  cover  the  back  of 
the  leaflets  are  reallv  capsules  {nporanffia),  atid  not  scfdea  or  other 
mere  appendages  of  the  cuticle,  is  proved  by  a  specimen  in  Dr.  Mur- 
ray's possession,  where  these  capsules  arc  so  wet!  preserved,  so  little 
crushed  or  distorted  by  pressure,  that  their  form  and  structure,  in 
which  they  quite  rest'mhle  those  of  recent  Ferns,  can  be  distinctly 
seen  with  a  lens.  I  ob.sene  also  in  some  specimens,  tliat  the  lower 
leaflets  of  the  pinnoe  are  entirely  covered  with  these  bodies,  the  njiper 

■  quite  free  from  them,  and  that  on  some  of  the  iiitirmediate  leaflets 
they  cover  a  piart  only  of  the  surface,  but  without  forming  definite 
spota  or  lines.  All  this  is  exactly  analogous  to  what  is  seeu  in  various 
recent  Ferns  of  the  Acrosfichum  group.  It  is  tnie  that  in  that  tribe, 
the  fertile  fronds  or  leaflets  are  usually  (but  not  always)  diflerent  in 
shape  from  the  barren  ;  nor  am  I  able  to  point  out  any  recent  species 
belonging  to  it,  which  has  precisely  the  same  arrangemeul  uf  veins 
as  this  fossil.  The  name  Acrostiehiten,  therefore,  must  be  taken  as 
implying  an  affinity  with  the  genus  Acroslichum  m  its  old  and  ex- 

*  See  the  deKhptions  of  tlicse  genera  in  Brungniui's  Tableau  de<  Genres,  p.  29. 
•  o2 
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tended  sense,  as  characterized  by  the  fructification  and  not  bj  the 
veins.     The  generic  character  may  be  thus  expressed  : — 

Frond  bipinnate.  Leafieta  witli  a  midrib ;  lateral  reins  oUiqor. 
dichotoinous.  Fructijitalion  closely  covering  the  whole,  or  an  inii*- 
finite  part,  of  the  under  side  of  the  unchanged  leaflets  ;  not  funmag 
definite  »ori. 

I  do  not  know  of  any  other  species  referable  to  the  gmiu ;  Cat  th« 
SagenopterU  Phillipni,  formerly  placed  in  it  by  Goeppcrt,  agrra 
with  the  present  species  in  no  one  character,  except  such  as  are 
common  to  all  Ferns. 


6.  Pecopteris  EXILI8,  Phillips,  Geol.  Torks.  t.  8.  f.  16. 
Pl.  XIII.  fig.  aa,  56. 

P.  obtuti/olia,  L.  &  n.  Fo8s.  Fl.  t.  158. 

Cyatheitei  obtutifoliut,  Goepp.  Syst.  FiUc.  Fosa.  p.  3",i8. 

I  have  satisfied  myself  by  the  examination  of  authentic  specaMW^ 
that  the  PfCoptrrU  nbtutifolia  of  Lindley  ajid  Uiittnn  is  idotkal 
with  Mr.  Phillips's  P.  exilit ;  and  the  latter,  aa  the  earlier  name, 
ought  to  be  retained.  P.  aculifolia  (Foss.  Fl.  t.  137),  wliich  diffrri 
in  nothing  but  the  acute  tips  nf  its  leaflets,  can  hardly  be  cuiuidered 
as  a  distinct  species.  It  is  singular  that  both  should  be  uuiittnl  m 
M.  Broiigniart's  catalogue  of  the  fossil  plants  of  the  Oolite.  PlolL 
Goeppert  placed  them  in  his  genus  Cyatkntet,  remarking  at  the  mmt 
time  that  it  was  very  nossible  their  real  athnity  might  rather  be  with 
the  Aepidia.  In  tdeir  general  fomi  tliey  certainly  liave  quite  the 
look  of  that  genus ;  but  in  one  s|ieciuien  that  I  have  mmiatd  of 
P.  exilit,  the  appearance  of  the  fructiiication  b  such  aa  Menu  to  in- 
dicate an  affinity  with  quite  a  different  group  of  Ferns.  The  c^mln 
in  this  specimen  appear  not  to  form  tori,  but  to  be  arrmngrd  aarij' 
in  a  regular  row  on  each  aide  of  the  midrib :  each  o^Mule  b  Of  K 
large  size  in  proportion  to  the  leaflet,  of  a  figure  bctwren  orate  nJ 
spherical,  and  marked  on  the  top  with  distinct  and  regular  atria;  ra- 
diating from  a  de|iressed  central  point.  Their  structure,  in  ahart, 
appears  extremely  similar  to  what  is  seen  in  the  recent  Sekui 
especially  in  Anemia  and  Mohria  -,  the  only  difTerrnce,  a«  far  aa  I 
make  out,  is,  that  in  all  the  recent  Ferns  of  that  irilie,  the 
are  crowded  together  on  a  part  of  the  frond  which  is  more  or 
contracted  and  transformed  ;  whereas  in  our  fossil,  they  an 
distaitlly  placed  on  the  unchanged  leaflets.  The  only  foad 
hitherto  described,  in  which  inch  a  structure  of  the  eajwwles  hai 
observed,  is  the  Senflenbergia  elegant,  so  elabonr  1  and  i^ 

icribed  by  Corda*  ;  this  is  very  like  our  Pecvj  i4  in  ihc 

fcrm  of  its  leaflet^),  and  the  positioii  and  general  appearance  of  io 
d^walea;  but  it  has  the  tcnuinal  ring  of  those  ca]>8ulc« 
aevrral  rows  of  radiating  cells,  whereas  in  our  plant  there 
be  only  one  row  of  such  celU,  as  u  the  case  in  all  the  Root 
Corda  s  Sen/trnbergia  is  a  foasD  of  the  Coal-fonnation. 

*  Bcitrage.  p.  91.  ub.  57.  t  1-C 
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7.    ASTEROPHYLLITES?  LATERALIS. 

Equisetum  lalerale,  L.  &  H.  Foss.  Fl.  t.  186. 

A  very  fine  and  remarkable  specimen  of  this,  in  Mr,  Bean's  col- 
lection, shows,  I  think  conclusively,  that  the  plant  oould  not  have 
been  an  Equisetum  ;  for  at  two  or  three  of  its  articulations  it  bears 
whorls  of  distinct  leaves, — flat,  narrow,  one-ribbed  s)(reading  leaves, 
exactl)'  Uke  those  of  an  Asterophyllites.  It  is  hardly  necessary  to 
say  that  no  Equisetum  has  leaves,  nor  anything  to  represent  them, 
I  except  the  ribbed  and  toothed  sheaths  which  envelope  the  stem  for  a 
r  certain  distance  above  each  articulation.  The  stem  of  an  Equisetum 
bears,  indeed,  whorls  of  slender,  jointed,  furrowed  branches  ;  but  I  am 
■atisfied  that  the  appendages  observed  on  the  stem  of  the  fossil  in 
question  are  not  of  this  nature  ;  nor  are  they  prolongations  of  the  teeth 
of  a  sheath,  but  distinct  leaves.  This  being  the  case,  the  plant  must,  I 
think,  be  removed  altogether  from  thegenus  Equisetum  ox Equisetitet ; 
but  what  its  real  affinities  may  be,  I  am  at  a  loss  to  say.  It  might 
perhaps  be  placed  for  the  present  in  the  genus  Asterophyllites,  which 
is  itself  a  purely  pro\isional  and  artificial  group,  of  very  doubtfid 
affinity,  but  probably,  in  part,  connected  with  Calamitei.  Our  plant 
indeed  combines  some  of  the  characters  of  both  genera,  having  the 
leaves  of  Asterophyllites,  with  the  circular  radiated  disks  (the  scars, 
apparently,  of  disarticulated  branches),  which  occur  in  several 
Catamites. 

This  seems  to  be  a  characteristic  fossil  of  the  Lower  carbonaceous 
sandstone  of  the  Scarborough  group,  which  is  supposed  to  be  inter- 
mediate in  age  between  the  Great  Oolite  and  Inferior  Oolite  of  the 
south-western  counties.  It  is  j)erhaps  hardly  necessary  to  remark 
the  error  into  which  Dr.  Ungcr  has  fallen,  in  enumerating  tlus  and 
.  most  of  the  Scarborough  plants  among  the  fossils  of  the  Lias. 

8.  Calamites  Beanii,  nobis. 

Catamites  giganteus.  Bean,  MSS. 

At  the  time  when  I  described  the  fossil  plants  from  Richmond  in 
Virginia*,  I  was  not  aware  of  the  existence  of  true  Calamites  in  the 
Oolite  of  Britain ;  nor  do  I,  even  now,  find  this  fact  noticed  in  any 
published  work.  The  otdy  Calamites  of  the  Oolitic  period  which 
are  mentioned  either  by  Brongniart  or  linger,  are  the  Calam.  Leh- 
mannianus  from  Silesia,  and  C.  Hoereitsis  from  Scania  ;  both  of 
which  are  uiarked  by  M.  Brongniart  as  doubtful  species.  But  in  Mr. 
Bean's  collection  I  saw  several  specimens  of  a  large  and  conspicuous 
Calamite,  to  all  appearance  a  new  species,  from  the  lower  division  of 
the  carbonaceous  sandstones  of  the  Yorkshire  coast.  As  I  have 
elsewhere  observed,  it  is  verj-  difficult  to  find  trustworthy  specific 
distmctions  in  this  genus ;  but  the  Scarborough  Calamite  is  very 
different  in  appearance  from  that  which  is  characteristic  of  the  Rich- 
mond basin,  as  well  as  from  the  true  C.  arenaceus.     It  i*  charac- 

■  .  *  Quart.  Joum.  Geol.  Soc.  1847,  vol.  lii.  p.  281. 
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terized  in  pBrticular  by  its  rcmarkabl)-  tumid  articulatiuns,  the  aMai 
being  Tnuch  thicker  iu  tliosu  parts  than  in  the  intermediate  tpMO. 
With  the  two  pknts  almve-nientioned  it  agrees  in  the  apparent  wait 
of  tubercles  at  the  articulations ;  but  the  ridge«  of  its  stem  are  modi 
broader  than  in  either,  and  it  is  quite  destitute  of  the  wrinkled  or 
puckered  appearance  usually  so  striking  iu  the  Richmond  C«UBiite. 
Whether  it  belongs  to  what  M.  Bronguiart  considers  as  the  tnicgnoi 
Cal4tmite»,  or  to  his  Catamodendron,  I  am  unable  to  say,  aa  it  p(9- 
•erves  no  trace  either  of  the  bark  or  of  the  internal  strurturr,  ia 
which  alone  the  distinctive  characters  are  to  be  found. 

The  specific  name  of  gujantetu,  assigned  by  Mr.  Ucan  to  UlM 
fossil  (but  not  j)ul)lishe<l),  seems  too  near  to  that  a(  ffi</<u,  long  sintr 
given  by  Bronguiart  to  a  verj-  different  species  ;  neitlu-r  ix  it  parti- 
cularly  appropriate  to  a  plant  which  is  suqiassed  in  s;  ral 

others  of  the  genus.     I  would  therefore  propose  tu  sul<-  'f  it 

the  name  of  Cnlamites  Beanii. 

I  may  here  ob.serve  that,  in  the  opinion  of  M.  Adolphe  Brongniart, 
the  Calamite  of  Richmond  in  Virginia  is  quite  different  from  tlir  tj 
C.  arenacetu  of  the  Keuper  formation.  There  certaiuly  is 
derable  difference  in  the  general  aspect  of  the  two  plants,  all 
have  been  unable  to  fiud  any  clear  distinctive  characters, 
naceiu  is  of  a  much  more  slender  liabit  than  the  other,  aud 
exhibits  those  irregular  transverse  wrinkles  which  arc  so  comnoa 
(though  not  constant)  in  the  American  kind.  This  latter,  if  rraO^ 
distinct,  should  bear  the  name  of  C.  Rogertii,  in  i-nmmcmofMioa  M 
the  eminent  American  geologist  who  first  distinguished  it  friNB  C 
Suckwii.  The  true  C.  arenaeeug  may  then  be  considenn]  as  pnuSv 
to  the  Triassic  system  ;  and  it  seems  to  be  alniint  the  unljr  iiMal 
plant  which  is  common  tu  the  uii|M-r  and  lower  roembcra  of  that 
system, — the  Keu|>er  and  the  Variegated  Sandstone. 

9.  CrvptumehitesT  oivARirATUS,  n.  sp.    Pl.  XIII.  fig.  4a.  4A. 

For  the  opportunity  of  describing  and  figuring  this  pUnt  1 1 
indebted  to  Dr.  Murray,  in  whose  eoUectiun  1  ubserveil  twu  spccta 
It  is,  I  think,  undoubtedly  a  ('onifer,  aud  ver}'  diatiurt  from 
foittl  s|tecics  hitherto  known,  although,  from  the  absence  uf  fmctt- 
fioation,  its  precise  affinities  must  remain  somewhat  doublfuL  In 
the  bcat-prcsencd  specimen,  (he  rnmifiealiou  is  pretty  rc)pdarly  hi- 
pinnatc,  with  alternate  and  rather  distant  branches :  no  teoiieiicy  >> 
any  part  to  a  dicliotomons  division.  The  main  axis  of  the  nirriiiini  ^ 
(wViich  is  perhaps  a  pnnci|ial  bmnch)  is  stout,  straight,  and  linl: 
ita  surface  irregularly  striated,  without  any  apin-arancr  of  i"'        " 


u  tlw  tnw 

isacaoi^ 
iltho^^H 

aud  nmr  ■ 


arroles  ;  the  branches  anil  linuichlets  spread  widelv  and  stifflr,  hsviH 

■   '  .3 


a  rigid  and  wir>'  Bx|KTt,  altliDiigh  the  brnurhlrts  are  very 
somewhat  zigzag.  Leaves  apparently  two-ranked,  mnttly 
but  placed  at  veni'  irrt^lar  intervals,  and  often  nmrly  impoatt  s  tkiy 
are  romiiresse<l  sideways,  and  ta|ier  regularly  fmm  tnrir  ii'ilinHj 
dilated  ile<Mirn'ut  base  to  a  sharp  (loint  ;  an-  of  a  rigid  ^tfrt^mm, 
most  cnniitionly   straight,  someiinies  denilrdly  inmrvrd 


I 


I 

I 


I 
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prominent  lateral  rib  or  angle,  but  are  rather  faintly  and  irregularly 
striated,  perhaps  in  couseqvience  of  the  shrinking  of  their  tissue. 
Those  towards  the  base  of  each  twig  are  often  (but  not  constantly) 
rather  shorter  than  the  rest.  The  main  axis  bears  leaves  of  the  same 
form  as  the  others,  but  very  distantly  placed,  and  verj-  stiff  and 
straight,  looking  almost  like  S|iiae8.  I  could  perceive  no  trace  of 
anything  like  fnietifieation. 

I  saw  another  specimen,  of  what  I  believe  to  be  the  same  thing, 
m  Prof.  Phillijis's  collection ;  but  in  this,  the  ramilication  is  more 
crowded  and  irregular,  the  branches  and  twigs  apparently  less  stiff, 
everywhere  more  wavy  or  zigzag,  and  in  parts  remarkably  so. 

Tlie  ramification  and  general  fonn  of  this  )>lant  show,  I  think,  that 
its  place  is  in  the  Coniferous  order,  and  not  among  the  Lycopoi/ia. 
By  the  form  of  its  leaves  it  reminds  one  of  the  Cryptomeria,  and  of 
the  Araucaria  fxeeUa  and  Cnnninghumii ;  but  as  the  same  form  of 
leaves  is  found  in  both  those  genera  of  recent  Conifers,  which  differ 
widely  in  other  respects,  it  caimot  suffice  to  determine  positively  the 
immediate  affinities  of  our  fossil.  These  indeed  must  remjiin  un- 
certain until  something  be  known  of  its  fruit ;  but  in  the  mean  time 
I  assign  to  it  the  provisional  name  of  Cnjptomerites,  without  meaning 
to  affinn  that  it  is  truly  a  cougeuer  of  the  Cri/ptomeria  Japonica. 

10.  Palissya?  WILLlAMSONIs[-^'I],  Ad.  Br.  Tableau,  p.  106. 

Lt/eofodites  Williamsonis,  Ad.  Br.  Prodr.  p,  83 ;  L.  &  H.  Foss.  Fl. 

t.  93. 
hyeopoditea  uncifoliu»,  Phill.  Geol.  Yorks.  i.  p.  119.  tab.  8.  fig.  3. 
Walehia  IVilliamsonis,  Morris,  Cat.  Brit.  Foss.  p.  25. 

Although  one  of  the  most  common  fossil  plants  of  the  Gristhorpe 
beds,  this  is  still  in  need  of  further  examination,  to  determine  with 
more  precision  its  real  affinities.  Brongniart  remarked  some  time 
ago,  that  it  was  rather  a  Coniferous  plant  than  a  Lycopodium  ;  and 
in  his  'Tableau  des  Genres"  he  accordingly  enumerates  it  among  the 
Conifers,  but  seems  uncertain  as  to  its  genus  ;  for  at  page  10  of  that 
work  he  speaks  of  it  as  a  Walehia,  whereas  at  pp.  (iH  and  lOfi  he 
notices  it  under  the  new  genus  Paluaya.  The  Coni/ene  and  the  Li/ro- 
podia  are,  ui  truth,  in  many  cases  so  like  one  another  in  the  outward 
appearance  of  their  leaves  and  liranches,  and  even  of  their  fruit,  that 
it  is  no  wonder  that  in  the  fossil  state  it  should  be  difficult  to  di- 
stinguish them.  The  difference  of  size,  which  is  in  general  sufficiently 
striking  in  the  recent  forms  of  the  two  orders,  will  afford  us  no  as- 
sistance among  the  fossils.  Of  course,  where  the  interna!  structure, 
either  of  the  stem  or  of  the  cones,  can  be  ascertained,  there  is  no  room 
for  doubt ;  but,  unfortunately,  in  the  fossil  remains  this  is  very  rarely 
the  case.  The  best  outward  mark  of  distinction  that  I  know  of,  is 
the  dichotomous  raniitication  of  the  I>ycopodiums,  contrasted  with 
the  pinnate  arrangement  of  the  branches  in  the  Crniifers,  Even  this 
sometimes  fails  us ;  for  although  the  regularly  dichotomous  nuide  of 
division  never,  I  believe,  occurs  in  the  Conifers,  it  is  hv  nr>  means 
ob\ious  in  some  Lycopodiums,  where,  on  the  contrary,  the  stem  op- 
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pears  to  be  pretty  regularly  piiinateil  with  alternnte  hrmodw*.  M. 
Broiigniart*  furnu-rly  poln'ten  out  another  distinction  :  that,  in  Uw 
Coniferee,  the  leaves  at  the  end  of  each  annual  shoot  are  modi  crowded 
together,  while  the  base  of  the  shoot  is  nearly  bare  of  leave*,  or  has 
them  much  smaller  than  the  rest ;  so  as  to  produo<*  an  appcarana:  td 
interruption  or  contraction  in  the  branches,  eormimuduig  to  tlic 
annual  interruption  and  renewal  of  growth.  But  Uiis  very  tamr  •!»- 
pearance  is  uhser\'ahle  in  the  Lyeopoiiium  annotinum,  wtucb 
derives  its  name  therefrom,  and  is  ot\en  very  couspiruoua  (i 
not  constant)  in  L.  elavatum. 

I  conclude,  then,  that  neither  the  stem  nor  the  leaves  afford  aaj 
outward  chnra<'ters  whereby  we  may  with  certainty  distinguish  theae 
two  natural  families,  which,  although  they  belong  to  diffemit  natunl 
classes,  have  yet  so  remarkable  an  outward  similarity,  that  the  one 
may  be  fairly  said  to  represent  the  other.  Uenco,  although  I  haic 
icarcely  any  doubt  that  the  so-called  Lycopodittt  H'lV/iaaMOM  ia 
rightly  placed  in  the  Coniferous  order,  yet  we  can  hardly  be  qaii* 
certaiit  of  it  without  knowing  something  of  the  internal  stntrture  of 
its  fruit.  The  cones  are  not,  indeed,  of  very  rare  occurrenee,  bat  a*r 
always,  as  far  as  I  have  seen,  so  much  conipreaaed  aad  craabcd,  tbat 
tlie  ini|)ortaiit  points  of  their  structure  caimot  be  aaccrtuncd.  I  imij 
observe,  however,  that  the  small  and  apparently  imniaturr  roim 
which  are  seen  attached  to  the  ends  of  the  branches,  in  several  fpe- 
riineits  of  this  plant,  have  much  more  resemblance  to  the  Jpoiiag 
female  rones  of  a  Pine  or  Fir,  than  to  anything  in  the  Ctab-moaac*. 
I  have  not  seen  them  iu  a  suiHciently  perfect  state  to  allow  of  an  ac- 
curate compurisim  with  the  full-grown  cones,  but  their  scales  do  not 
appear  to  be  drawn  out  into  long  points  like  those  of  the  latter ; 
whereas,  in  a  Lyropodium,  the  yuuiigesl  conea  or  apikea  ct  AuMv 
fication  differ  in  uutliiug  but  size  from  theoldeat.  It  ii  potnhU^  i» 
deed,  that  these  bixlies  uiay  be  i-atkiits  of  male  flower*;  in  whldl 
case  they  would  be  dit-iaive  of  the  question ;  but  I  uiiKt  own 
they  have  more  the  look  of  t  he  young  /male  couea  of  a  PiiMi  ■ 
appear  in  the  flowering  season.  Tsually  they  are  aofoarjr ; 
ivmarkable  s}>eeimen,  shown  me  by  Prof.  Phillips,  \\ufomr  of  I 
closely  clustered  together  at  the  end  of  a  branch. 

This  plant  has  a  striking  resemblance,  iu  its  raiiiilirntion  and  Um 
characters  of  its  foliage,  to  the  I'oltzife  of  the  New  Ked  SanilrtHM ; 
but  that  remarkable  genus  is  cliaracterizeil  by  the  p<-rnliar  form  and 
arrangement  of  the  scales  of  its  cone,  which  are  dilated  upward*  tnm 
a  narrow  base  or  claw,  dividetl  into  thn-e  or  five  lobes,  anil  »eTr  looadjr 

imbricated.    The  genus  I'alijuya,  to  which  Rmngniart  (ih -'^  ■'■■•tbl- 

fully)  refers  our  plant,  was  founded  by  Hndlicher  on  a  f>  -  <•- 

ninyhamitr*  rpJtrnolrpU  of  Brauii)  iVom  the  Lias  of  I'  1 

niu^t  acknowledge  (Imt,  judging  from  Kndlicher's  descn:  f». 

aemblance  l>etweeu  this  Hayreutb  plant  and  ours  Li  not  ' 
Wmlchia  differs  iu  tlie  closely  and  regularly  iieetiuated  <> 
arrangement  of  its  branches,  resembling  the  Norfolk  Islauil  i'lur.    Uu 
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the  whole,  until  its  t'ructiJieatiou  be  better  known,  it  is  difficult  to 
refer  this  q)uriou8  Lycopoditea  to  its  proper  genus. 

There  is  a  great  likeness  between  PalUaya  ?  Williamtoni  and  my 
Lepidodendroni  binerve*,  from  the  coal-forrnation  of  t'ape  Breton  : 
they  are  alike  not  only  ui  the  aspect  of  their  foliage,  but  in  the  form 
and  position  of  their  cones.  But  the  Cape  Breton  plant  is  dicho- 
tomously  branched,  whereas  in  that  now  under  consideration  the 
branches  arc  irregularly  alteniate.  I  may  remark  that  the  leaves  of 
P.  WUliamsoni  are  certainly  not  two-ranked,  as  they  have  sometimes 
been  described,  but  spirally  arriuiged  round  the  branches,  although 
not  with  great  regularity. 

^P      I  observed  in  Prof.  Phillips's  collection,  and  in  the  York  Museum, 
some  specimens  of  what  I  conceive  to  be  detached  scales  of  a  cone. 
Mr.  Philhps  indeed  has  uoticcil  them  in  his  work  as  "winged  seedsf," 
but  they  appear  to  me  more  like  scales,  belonging  in  all  probability 
to  the  Coniferous  order,  although  certainly  not  to  the  p)resent  species. 
They  are  wedge-shaped,  flattish,  and  thin ;  gratlually  thinning  out 
still  more  towards  the  edges,  wliich  are  quite  entire  ;  and  they  ap- 
peared to  me  to  be  marked  towards  their  base  with  the  impression 
of  either  one  or  two  seeds, — I  could   not  quite  ascertain  wliich, 
Thev  are  not  likely  to  have  belonged  to  Cycads,  for  in  all  the  cone- 
bearing  forms  of  that  order  the  scales  are  of  a  very  different  form  and 
structure,  having  a  distinct  stalk,  and  a  dilated  disk-like  top,  expand- 
^^big  nearly  at  right  angles  to  the  stalk.     Moreover,  the  seeds  of  a 
^BCyca(le<^ms  plant  are  inserted  on  each  scale,  immediately  below  or 
^Bbehind  its  dilated  disk  ;  whereas,  ui  the  scales  I  speak  of,  the  sup- 
^^aosed  impressions  of  seeds  are  situated  near  the  base,  which  agrees 
\rith  their  position  in  the  Conifers. 

The  collections  at  Scarborough  contain  several  undrscribed  Cycads, 
especially  of  the  genus  Otozamites  (Otopteris,  L.  and  H.)  ;  but,  al- 
though neither  described  nor  figured,  we  cannot  venture  to  say  that 
they  have  not  been  named,  since  M.  Brongniart  has,  in  his  '  Pro- 
drome '  and  his  '  Tableau  des  Genres,'  enumerated  the  names  only 
I  of  a  considerable  number  of  fossil  Cycads,  conceniiivg  which  he  has 
pven  us  no  further  information.  Without  the  opportunity  of  seeing 
kutfaetitic  specimens,  it  is  impossible  to  know  what  are  the  plants  he 
intended  by  these  names  ;  so  that  any  one  undertaking  to  describe 

I  the  apparently  tu'w  species,  would  infallibly  give  new  names  to  things 
already  named  in  the  '  Prodrome.*  This  has  actually  happened  in  the 
case  of  Brongiiiart's  Pterophi/Hum  H'iHiniiua/iis,  which  is  the  very 
plant  now  well  kiiowii  as  P/.  romptmn.  Under  these  circumstances, 
i  avoid,  for  the  present,  undertaking  the  description  of  these  plants. 

In  concliLsioii,  I  will  take  this  opportunity  of  correcting  an  over- 
sight in  my  memoir  on  the  fossil  plants  of  the  Alpine  AnthraciteJ. 

^m  *  Quart.  Journ.  Geol.  Soc.  vol.  til  p.  431.  pi.  24.  fig.  2,  A,  B,  C. 

^ft  t  Geol.  Yorksh.  p.  148.  pi.  8.  f.  2,  and  p.  154.  pi.  10.  f.  &. 

^H  X  Quart.  Jotirn.  Geol.  Soc.  vol.  v.  p.  130  tl  teq. 
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I  stAted  (p.  134)  that  none  of  the  plants  of  that  dirposit  "  harr  any 
clost"  resemblance  to  those  of  the  Has  or  the  oolites."  To  this  therw 
is  an  exception  in  tlie  case  of  the  Pecopteris  Beaumontii,  Broocn. ", 
which  comes  so  near  to  P.  IFkilbiensU,  that  Broiigniart  heutates 
whether  to  consider  it  a  distinct  species.  This  iux^e  exceptido, 
however,  does  not  uivaliJate  the  general  reasouinj;  ou  tlial  very  i 
gular  case. 

EXPLANATION  OP  PLATES  XIL  and  XIH. 

PLATE  XII. 

Fig.  I  a.  ^ktmoyliriM  nrphncarpa  ;  rutunl  tize. 

FSg.  I  i.  A  leaflet  of  the  tame,  ihuwing  the  fructificatioa  at  the  eitraoilia  of  tk« 

lobet. 
F(g.  2.  A  fragment  of  ■  recent  Dieknma  (nmitfoHay),  frxa  New  Gnaada.  ibr 

eomptriiton  with  Pig.  1. 
3.  Baiera  ?  fracilu ;  natural  site. 


ng. 
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Pig.  4  a.  Cryptomfriln}  dhfariealut ;  natural  ant. 

Pig.  4  i.  A  aiiiall  portion  of  the  ume,  magnified. 

Pig.  i  a.  Peevplerit  tjiiu  ;  a  luureii  Iradrt,  magnified,  thowing  the  veiiis. 

Fig.  i  i.  The  ume  ;  a  fertile  leaflet,  luaguifieil,  ihuwing  the  fap«ale«i 


2.  Notice  of  the  Occurrence  q/"  Upright  Calamitks  ii<hw  Piitov, 
Nova  Scotia.     By  J.  W.  Dawson,  Eso. 

[Conimunictted  by  Sir  C.  Lyell,  P.G.S.] 

In  his  '  Travels  in  North  Americaf,'  Sir  C.  Lyell  notirca  Uie  \ 
reuce  of  I'pright  Calaraitcs  iu  the  Upper  roal-formation  D«mr  1 
At  the  time  of  bis  visit  this  b«d  was  covered  by  the  water  of  •  mtll- 
dam,  and  he  notices  it  on  my  authority.  In  tfie  |«st  antnmn  a  pan 
of  the  dam  was  broken  down  by  a  freshet,  and  a  few  feet  of  the  i 
crop  of  the  bed  exposed.  I  availed  myself  of  this  op 
verify  tlie  observations  which  I  bad  made  several  yean  aoiH  < 
go  fortunate  as  to  find  a  group  of  tlic  vertical  stems  in  the  i 
portion  of  the  bod. 

Tlie  beds  at  this  pUoe  dip  to  the  E.S.K.  at  au  angle  of  'lb\\ 
ooiuiat  of  grey  argillaoooua  sandstones ;  the  upper  [muI  iiring 
what  liard  and  flaggv',  and  the  lower  very  fine-grained  and  soft. 
belong  to  the  upper  ixirtion  of  the  Coal-formatiou,  and  atv  i 

with  brown   saua»tones  and   shales,  grev  sandatonea,  cooen 

limestones,  and  eou^loiuerates,  all  of  which  appear  in  the  ridai^, 
and  frequeutlv  contam  remains  of  Calamtitet,  Artitia,  LepidodtmJnm, 
Endof/enites  '.,  and  Ferns. 

The  stems  of  tlie  vertical  Colamites  ui  the  bed  now  under  eoa* 
•ideration  are  about  20  inches  in  length,  and  tlie  Uurgrst  ia  1  iadi  in 
diameter.  The  Lu-ger  steins  are  in  their  up]ier  part  at  right  tatim 
to  the  beds  ;  the  smaller  are  more  inclim'd,  and  are  oArn  bfokm  aa  K 
a  lower  level  than  the  larger  steni*. 

•  Hiit.  Vcg.  Pom.  ^  US,  t  (rint  Serie*),  I8M,  t«L  U.  |>.  ISL 
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fig  5  Pecopteris   exilis 
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The  tops  of  the  larger  individualB  have  not  been  removed  by  decoy, 
but  have  been  broken  sharply  off,  presenting  at  the  summit  of  the 
vertical  part  a  crusheil  appearance,  qiiite  like  that  of  a  hollow  cylin- 
der of  paper  bent  at  right  angles.  The  npper  parts  are  flattened 
aud  compressed,  and  lie  as  if  broken  o£F  by  a  force  acting  from  the 
westward.  1  could  not  succeed  in  triicing  any  of  them  to  the  upper 
e.\tremity  of  the  plant.  I  found  it  quite  easy,  however,  to  trace  the 
stems  downward  from  the  upper  teruuuatiou  of  the  vertieal  part  to 
the  roots ;  although  the  cross  fractures,  caused  by  the  bedding,  ren- 
dered it  impossible  to  extract  perfect  specimens.  For  about  a  foot 
below  the  point  at  which  they  are  broken  oft",  the  stems  are  cylin- 
drical, although  some  of  them  have  bruises  on  their  sides,  as  if  hard 
substances  had  been  drifted  against  them.  Towards  the  base  the 
stems  bend  in  a  somewhat  spiral  manner,  as  we  often  find  to  be  the 
case  with  weak-stemmed  herbaceous  plants,  and  then  rapidly  diminish 
in  size,  terminating  in  a  blunt  point.  They  become  of  course  some- 
what flattened  as  they  bend  toward  a  horiiontal  position.  The  stems 
are  arranged  in  groujis  which  appear  to  spring  from  the  same  point. 
From  an  area  of  about  two  square  feet  I  oulaincd  portions  of  at  least 
ten  upright  stems.  The  accompanying  diagram,  fig.  1,  represents 
one  of  these  groups,  which  I  traced  downward  to  the  roots,  aud  the 
indii-idnals  composing  which  were  only  from  two  to  four  inches  apart. 
Fig.  2  is  the  upper  part  of  one  of  the  larger  vertical  stems,  as  it 
appears  at  the  point  where  it  has  been  broken  oft' ;  and  fig.  3  is  the 
pouited  lower  extremity  of  another  of  the  larger  stems. 

In  the  layers  of  rock,  surrounding  the  vertical  stems,  are  many  pro- 
strate, and  a  few  inclmedCalamites,  a  few  fronds  of  Ferns,  leaves  of /7a- 
leUaria,  aud  slender  grass-hke  leaves,  similar  to  those  of  some  species 

Fig.  1. — Upright  Calainitet,  near  Pietou, 
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Fig.  2. 

Fig.  3. 
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of  Lepidodendrott .  No  leaves  are  attached  to  anj  of  the  iteins  ofCal^- 
mite^.  Around  and  below  the  bases  of  the  jstems  there  are  nn 
fibrous  rootlets,  and  also  some  Feru-leaves  and  prostratu  Ca 
and  horizontal  flattened  stems  having  finer  striae  tluui  thuor  of  i 
apecies  of  Calamites  occurring  here.  I  endeavoured  to  tacer 
any  one  of  these  horizontal  stems  was  connected  with  the  Calamites 
in  the  manner  of  a  Rhizoma,  but  I  could  find  no  diittiuct  cuiuiectian. 
The  occurrence  of  a  single  group  of  Calamites  iu  this  """"•r  niglK 
be  accounted  for  by  supposing  that  they  had  been  dri/tod  fipom  Um 
land  with  their  roots  attached,  and  had  thus  settled  and  bc«n  I 
an  upright  jKKiition.  It  must,  however,  be  borne  in  mind  that  I 
before  the  erection  of  the  present  mill-dam,  this  b«d  could  be 
for  a  considerable  distance  along  a  bare  cUff,  and  rTcrrwhcre 
taiued  vertical  Calamites.  It  seems  most  probable,  tiirrrfon-,  th«t  m 
bed  or  thicket  of  Calamites  grew  on  this  spot,  and  were  buncil  m  ntm. 
In  thU  case  they  grew  in  soft  alluvial  mud,  not  especially  rich  in 
vegetable  matter,  perhaps  covered  by  shallow  water ;  and  were  burad 
by  a  more  rapid  accumulation  of  similar  mud,  gradually 
coarser.  In  fig.  I,  a  denotes  the  upper  and  coarser  beds,  ^tht  I 
beds  surrounding  the  stems  and  e  tne  still  finer  beds  with 
at  the  base«  of  the  stems.  The  sudden  breaking  off  of  the  sterna  i 
not  have  been  entirely  owing  to  the  greater  force  of  the  current  ] 
coarseoess  of  the  detritus.  In  a  portion  of  the  br<l  nTrrlyiii 
Calamites,  not  now  exposed,  I  saw  many  years  ago  a  prnstrvte 
dodendroH  having  its  branches  and  leaves  entire.  Sucn  drifted  I 
if  swept  through  the  submerged  Calamitea,  would  cmaily  brotk 
their  slender  and  fragile  stems. 


3.  Fvrtkrr  Remark*  upon  the  Caiamite. 

F.G.S. 


By  J.  S.  Dawm. 


{Aitttraet.'] 

Arrcii  noticing  the  works  of  some  foreijni  uilhora  who  had 

upon  the  (Jalamite  prior  to  the  date  of  his  Ittt  oanmiinicMtioB*.  n 

•  Read  May  Si.  1848.    Srr  gu«rt.  Joan,  of  liw  OcoL  loeiH;.  ntl. «.  fL  Stl 
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with  whose  researches  he  was  not  then  acquftinted,  Mr.  Dawes  states 
that,  from  the  obsenatioiis  hitherto  made,  tlie  Calanike  appears  to 
consist  of  a  large  central  column  of  tissue,  surrounded  by  a  cylinder 
of  woody  structure.  This  central  part,  having  commonly  rotted 
away  soon  after  the  death  of  the  plant,  has  been  replaced  by  a 
mineral  cast  of  the  inside  of  the  ligneous  cylinder,  and,  owing  to  the 
general  clisappearance  of  the  latter,  the  jointed  and  ribbed  cast  is  the 
usual  form  hi  which  the  Calamite  is  presented  to  us  in  the  carbo- 
niferous rocks* . 

The  outer  ligneous  surface  appears  also  to  have  been  ribbed,  or 
rather  marked  with  longitudinal  xfritv,  more  or  less  perfect,  but  with- 
out any  indications  of  joints  or  constrictionsf  ;  the  position,  however, 
of  these  articulations  is  shown  upon  some  specimens  bv  the  presence 
of  small  and  somewhat  oval  verticillate  leaf-scars,  to  which  may  have 
been  ajipended  leaves,  corresponding  to  those  attached  to  Brongiiiart's 
Calomifrs  radiatusX.  These  leaf-scars  were  connected  with  the  small 
round  or  ovate  processes,  usually  observed  at  the  joints  of  the  Cala- 
mitc-cast,  by  large  muriform  rays,  which  passed  horizontally  through 
the  outer  cylinder  of  woody  tissue.  These  processes  have  been  for- 
merly mistaken  for  the  true  leaf-scnrs  of  the  plant  §. 

This  outer  woody  layer  is  usually  met  with  only  in  a  carbonized 
State, — that  is,  in  the  sha[)e  of  a  tliin  coating  of  crystalline  coal  {| ; 
but  occasionally  the  structure  has  been  met  with  well-preserved.  It 
is  composed  of  two  distinct  tissues,  the  one  cellular,  the  other  pseudo- 
vascular.  In  the  transverse  section  these  appear  to  be  arranged  in 
alternating  vertical  plates,  which  radiate  from  the  inner  aspect  of  this 
cylindricai  woody  layer  to  its  j)eriplierY,  and  correspoiul  with  the  ribs 
and  furrows  seen  on  the  surface  of  the  interior  csst.  These  alterna- 
ting plates,  being  of  different  shades  of  colour,  are  sufticieutly  risible 
to  the  unassisted  eye^. 

The  darker  stripes,  which  constitute  the  pseudo-vascular  part  of 
the  structure,  arise  in  somewhat  wedge-shaped  masses  from  the  centre 
of  each  furrow,  and  as  this  tissue  diverges  into  the  celhdar  part  of  the 

•  This  f«ct  was  first  distinctly  sliown  by  Germar  in  1838,  and  in  tlie  lame  year 
by  Corda,  who  [minted  out  that,  in  all  |)ral>ahility,  the  stem  was  not  ori^nally  hol- 
low, but  occupied  by  cellular  tissue,  which  had  aubsequcntly  altogether  rotted  out. 

t  This  condition  i>  seen  in  I  nger's  figures,  published  in  the  German  tntntli- 
tion  of  Petzholdt'i  work  '  De  Calamitis  et  Lithantbracibua.'  It  is  also  well  ahown 
npon  ipeciroens  in  the  author's  collection. 

X  Hist.Veg.  Pom.  pi.  26.  figs.  1,  2. 

$  Brongniart  considered  these  processei  to  be  simple  tubercles,  which  had 
ne»er  been  connected  with  any  leafy  or  other  appendage. 

II  Brongniart  had,  as  early  as  1828,  observed  specimens  having  this  outer  cover- 
ing in  a  carbonized  state ;  he  also  remarked  that  the  ribbing  was  very  indititinct, 
and  that  the  articulations  or  joints  were  to  be  observed  only  beneath  the  coaly 
covering.  So  long  as  this  outer  covering  liad  been  met  with  only  in  the  carbo- 
nized state,  there  was  no  proof,  as  I.indley  and  llutton  justly  observed,  'Fossil 
Flora,'  vol.  i.  p.  xxx,  that  the  coaly  roattcr,  thus  found  enveloping  these  fossils, 
was  really  the  remains  of  a  cortical  integnment,  or  formed  any  part  of  the  original 
organization  of  the  stem,  for  it  might  have  been  au  independent  carbonaceous 
formation. 

<|  This  arrangement  of  the  tissues  was  regarded  by  Cotta  as  indicating  medul- 
lary nyi,  which  opinion  I'nger  considered  to  be  incorrect. 
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Stem,  a  small  portion  of  the  parrnrhyma  opposite  each  adioinic  rib 
is  luually  Icfl  unpenctrated  by  the  vascuW  fibre*.  The  Egnter- 
coloured  stripes  are  in  fact  merely  jwrtions  of  the  cellular  or  p»m»- 
chj'uiatous  structure  which  have  not  been  so  closely  iutenroTrn  with 
tlie  pseudo-vascular  tissue,  emanating  from  the  mrrows  as  beforr 
mentioned. 

The  darker-coloured  tissue,  when  examined  in  the  vertical  sertioa, 
is  found  to  be  marke<l  with  fine  transverse  tlrite.  This  ilifTers,  bow- 
ever,  from  tnie  scalarifomi  structure,  inasmuch  as  tl«iK-  prrutiar 
markings,  like  the  areola  on  the  walls  of  the  vascular  tissues  of  the 
Canifera,  are  only  to  he  delected  when  the  sections  are  cut  in  the 
direction  of  the  rays.  Indeed  these  transverse  striie  in  some  speci- 
mens are  seen  to  become  retieiJate,  as  in  the  Finitrt  of  the  Coal- 
measures.  Moreover,  in  a  transverse  section,  the  wood  of  the  C*l*- 
mite  exhibits  a  network  of  (piadrangular  tissue,  similar  to  what  «« 
observe  in  the  Coniferet. 

The  lighter-coloured  tissue  appears  to  be  composed  of  eloa(prted 
rectangular  cells,  exhibiting  a  general  uniformity  of  sizet,  and,  m 
these  cells  occur  in  nearly  perpendicular  and  parallel  rows,  the  ttr- 
niinal  junctions  of  the  cells,  owing  to  this  arrangement,  girt  to  As 
verticiU  slices,  wlu-n  the  specimen  is  somewhat  opaque,  an  a]>pMr- 
anoe  as  though  lines  of  tissue  passed  horizontally  through  the  strac- 
ture^.  If,  however,  as  the  author  observes,  a  longitudinal  slk*  vt 
the  fossil  be  cut  in  the  direction  of  these  lines,  and  reduced  to  lucwljf 
a  single  cell  in  thickness,  it  will  become  endent  that  the  line*  in  mm 
lion  have  their  origin  in  the  pecidiar  fonii  and  arrangement  of  tfaa 
cells  of  the  pAreneliymatous  tissue  aa  above  deschbed.  A  sonewtel 
similar  appearance  may  be  noticed  in  some  suecunena  of  Hakmm  wd 
also  in  the  Siyillnriet ;  indeed  the  more  these  foasQs  of  the  Coal- 
measures  are  com]>an>d  together,  the  greater  is  the  affinity  met  with 
in  their  structure.  The  author  mentioned  that,  on  lately  exansiniiif 
a  specimen  of  Sigillaria  rrni/ormis,  the  tissues  appear  iO  much  to 
resemble  those  of  the  Calamite,  as  to  prove  the  close  connecticMi  of 
these  two  genera ; — in  fact  all  those  fossils  of  tliis  family  with  the 
broad  outer  zones  of  wimmIt  tissue,  <iueh  as  Vntamitra  striata  of  CoBa, 
will  in  all  probability  prove  to  he  some  siMt-ies  of  small-ribbed  Sifit- 
land.  One  other  ini|M)rtant  point  .Mr.  Dawes  is  enabled  to  pra?^ 
viz.  tliat  coiiceutrie  rings  not  only  do  occur  in  these  fossils,  bi^  thiC 
they  are  as  clearly  detine<l  as  in  any  recent  dicotyletlon§. 

The  interior  of"  the  Calamite  appear*,  so  far  aa  can  be  siudaiiioj, 

■  These  until  crlluUr  tpsce*.  being  frequently  rouBdiah  ami  nrriiT  e'Eilar  k 
size,  wrre  considrrnl  by  I'nger  to  rrpmrnt  aerial  canali.     ^  ,  IIc^mT 

read  at  BrlingrD  anil  pulili*lifil  by  the  Botanical  Society  of  i: 

t  Unger  lias  described  the  ligbu>r-culoar«d  ttnictarg  as  pwudo-n 
the  darker  rayi  a*  the  cellular  tiuuc;  which  however  ii  not  ooncec 

t  Thar  linear  appearance*  were  described  in  the  anthor'i  former 
dicalini;  n>e<lullary  rayi ;  and  to  alio  were  tbry  regarded  by  L'ngc*;  tnS  otf  iHi 
rircumttancr  Mr.  Oawes  was  out  previoualy  aware. 

I  The  existence  of  these  concentric  xona  ot  pcriodkal  erowsh  has  nal  hm 
tbnwn  by  any  other  ohacrvcr  :  Indeed  L'ngcr  eapeeUUy  attaass  le  lb«r 
••  a  proof  of  the  afBaitic*  of  this  plant  with  the  Kiuimttm, 
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from  the  imperfect  state  of  the  specimens,  to  have  been  composed  of 
lax  cellular  tissue,  traversed  by  ])seudo-vascular  bundles,  and  to  have 
been  interrupted,  at  inter\'al8  corresponding  to  the  joints,  by  hori- 
zontal plates  of  tissue  (Phraffmata),  the  horizontal  stria;  or  radii  upon 
which  correspond  with  the  ribbing  upon  the  cast.  These  Phraymata 
usually  present  a  larger  or  smaller  ring  at  the  centre*,  ns  though  per- 
forated by  a  woody  axisf.  The  author  has  in  fact  specimens  of  what 
he  Ijelieves  to  represent  tliis  axis,  which  appears  to  have  been  tra- 
versed by  a  central  cellular  tissue,  the  true  medulla  of  the  ])lant. 
The  wood  of  this  axis  also  exhibits  a  reticulate  structure,  similar  to 
that  of  Pinites. 

With  regard  to  the  structural  analogies  that  have  been  stated  to 
exist  between  Calamites  and  Equisetum,  the  author  remarks  that  the 
presumed  existence  of  tubular  passages,  similar  to  the  ai-rial  caimls  of 
Equisfta,  demand  a  short  notice.  Petzholdt  considered  tliat  the  sec- 
tions of  some  specimens  he  had  examined,  and  which  retained  the 
remains  of  a  carbonized  woody  structure,  afforded  evidence  of  two 
sets  of  aerial  canals,  similar  to  those  observed  in  transverse  sections 
of  the  stem  of  Equineta.  Mr.  Dawes,  however,  observes,  that  both 
the  roundish  and  triangular  spaces,  referred  to  and  figured  by  Petz- 
holdt, are  evidently  the  result  of  the  decay  of  the  parenchymatous 
tissue  and  a  bulging  of  the  vascular  plates,  the  regular  arrangement 
of  which  gave  rise  to  a  more  or  less  regular  series  of  these  accidental 
paces,  as  seen  ui  the  trausvcrse  sections  of  the  stemj. 

In  conclusion,  the  author  observes,  that  there  are  still  many  doubt- 
ful points  in  the  structure  of  these  interesting  fossils  which  can  only 
be  cleared  up  by  the  discovery  of  more  perfect  sj)ecimen8 ;  he  consi- 
ders, however,  that  although  the  Calamite  appears  to  have  had  no 
structure  that  cau  in  any  way  unite  it  with  the  Equisetacea,  never- 
theless some  portions  of  its  tissues  must  be  considered  as  having  Acro- 
genous  characters ;  whilst  the  rectangtiJar  cells  of  at  least  a  part  of 
the  parenchymatous  tissue,  benig  arranged  in  jicr])endicular  series, 
is  a  character  more  commonly  met  with  in  Emtogens ;  and,  at  the 
same  time,  there  is  sufficient  evidence  of  Gyinnospermous  affinities, 
togetlier  with  the  [iresence  of  well-defined  concentric  rings,  so  charac- 
teristic both  of  this  family  and  of  other  Exogens. 

*  Thij  appearuice  it  xen  in  the  specimen  figured  under  the  name  of  Calamilta 
biilriata  (tee.  Die  Dendrolithen  in  llraiehung,  &e.,  Ta/.  15),  which  evidently  re- 
presents merely  a  Phragma  of  the  plant,  and  not  the  woody  structure,  as  Colta 
had  (supposed  it  to  be. 

t  The  prnbabillty  of  the  existence  of  such  an  axis  was,  the  author  observes, 
luggejiteil  by  Dr.  Petzholdt. 

X  The  specimens  described  by  Dr.  Petzholdt  were  met  with  at  Gitteraee,  near 
Dresden.  They  seem  to  have  l>een  much  distorted,  ami  the  woody  cylinder  is 
described  as  being  in  a  carbonized  state,  and  appears  to  have  exhibited  very  im- 
perfect traces  of  structure. 
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March  26,  1831. 

John  Kirkpatrick,  Esq.,  and  George  Whitmorr,  Eaq.,  werv  i 

Fellows. 

The  following  communications  were  read : — 
I.  On  the  Till  o/* Caithness.     Bj  John  Clbohokn. 

[Communicated  by  Sir  Cluules  L)ell,  P.G.S.] 

[.Uttracl.] 

The  Till  generally  occupies  the  low  districts  of  Caithnc«.  Al 
Lyhster,  however,  fourteen  miles  south  of  Wick,  it  reaclw-i  2t«  ftti 
above  the  sea,  with  an  unascertained  depth  below  low-water  mArk. 
In  the  harbour  it  has  been  bored  twenty  feet,  and  it  is  the  auchora^ 
ground  of  the  bay.  The  author  finds  that  at  Lybster  and  at  Wick 
the  deposit  is  in  a  trough  of  rock,  more  than  a  mile  broad  and  m»aj 
miles  long,  of  the  shape  seen  at  a,  b,  c.  in  the  annexed  woodcut.  At 
Lybster  the  deposit  is  cut  through  by  the  Bum  of  Reisgill,  which 
empties  itself  into  the  harbour,  and  at  Wick  by  the  river  of 'Wick; 
at  both  places  the  clay  is  foiuid  on  each  side  of  the  waterooatsM, 
rising  in  high  banks,  aa  shown  at  a,  d,  and  e,  r,  iu  the  accompaayiag 
diagram. 


From  observations  Mr.  Cleghom  has  had  the  opimrtunitj  of 
making,  he  believes  the  Till  to  be  laminated,  as  rrpre*cot«il  in  tbr 
accompanying  section,  and  that  the  troughs  at  Lvbuter  and  Widt, 
preWou.tly  to  the  denuding  action  of  the  Bum  aiu)  the  Rif  rr, 
filled  up  as  represented  in  the  figure. 

From  the  {M>siliciu  of  the  Till  in  Caithness,  itJ 
broken    shells,    from    the    cK'currence   uf  smixitiird  and 
b<mlden>  in  the  Till  similar  Iu  such  a#  are  found  iu  the  watt  nam— 
near  Wick,  and  from  the  apparent  elevation  of  the  Caithneaa  una t 
line,  as  proved  by  the  occurrence  of  rocks  (>erfMratetl  bv  li'hnHomoiM 
molliuca  at  various  ele\atioiui  abo\e  the  preaeut  level*,  the 
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*  This  ooamaaication  wu  •ceompaDied  b]r  Mvcfal  slab*  of 
eovcnd  by  shallow  pittlngi  cauxxl  bjr  miriae  mollmcs  {Ptttttm)  tmi 
wora  la  vahoiu  degrett,  wtuch  .Mr.  CItffaora  oMal— J  at  "~ 
lh(  picMnt  tea-lcrrl. 
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infers  that  the  Till  is  the  wastinga  of  coasts  and  the  sedimentary 
matter  of  rivers  deposited  in  the  valleys  of  a  deep  sea,  inhabited  by 
the  Anarrhiea*  luput*. 


2.  On  the  Erratic  Tertiaries  bordering  the  Penine  Chain,  be- 
tween CoNGLETON  and  Macclesfield  ;  and  on  the  Scratched 
Detritus  of  the  Till.     By  Joshua  Trimmer,  Esq.,  F.G.S. 

The  dispersion  of  granitir  and  other  northern  detritus  over  the  plain 
of  the  New  Red  Sandstone  in  F^aucashire,  Cheshire,  Staffordshire, 
Shropshire,  and  Woreestershire,  and  the  presenee  of  marine  shells  in 
the  erratic  deposits  of  that  district  are  now  so  well  known,  that  notice 
of  their  occnrrenee  in  any  new  localities  within  it  can  have  little  inter- 
est, except  as  illustrating  general  views  respecting  the  history  of  these 
deposits,  their  influence  on  the  distribution  of  soils,  and  tiie  origin 
of  their  peculiar  characters.  I  refer  to  the  Proceedings  of  the  Geo- 
logical Society,  vol.  i.  p.  4 1 9,  to  the  Journal  of  the  Geological  Society 
of  Dublin,  vol.  iii.  pan  A,  and  to  tlie  Report  of  the  Newcastle  Meet- 
ing of  the  British  Association,  183H,  for  descriptions  of  the  Upper 
and  Lower  Erratics  (then  called  Diluvium  and  Northern  Drift)  be- 
tween the  Mersey  and  the  Dee,  and  along  the  western  flanks  of  the 
Welsh  mountains,  from  the  Dee  to  Harlech ;  and  also  for  evidence 
of  the  accumulation  of  the  erratic  deposits  on  a  previous  terrestrial 
surface  on  the  western,  similar  to  those  exliibitcd  on  the  eastern  side 
of  the  island  by  the  Cromer  sections. 

The  jiroofs  consist  in  the  superposition  of  the  marine  deposits  in 
Ccfn  Cave  on  the  banks  of  the  Eiwy  in  Denbighshire  to  those  con- 
taining mammalian  remains,  and  to  niaramalinn  remains  and  timber 
in  the  detrital  lead-works  of  Talargoch,  at  tlie  mouth  of  the  Clwyd, 
of  which  the  Elwy  is  a  tributary  At  the  latter  locality,  they  are  ac- 
companied by  whole  marine  shells,  with  numerous  pebbles  of  lime- 
stone abounding  with  molluscous  perforations,  the  absence  of  which, 
from  the  erratic  deposits,  even  when  full  of  limestone  fragments,  con- 
stitutes one  of  their  characteristics. 

Notice  of  the  mammalian  remains  at  Talargoch  will  also  be  found 
in  the  '  Reliquise  Diluvianae  *  (p.  1 78)  ;  and  the  deposits  of  Cefn 
Cave,  with  the  exception  of  the  marine  bed,  were  also  described  by 
the  late  Bishop  of  Norwich  in  the  Proceedings  of  the  Geological 
Society,  vol.  i.  p.  -102. 

I  shall  now  show,  that  the  erratic  deposits  of  the  western  coast  ex- 
tend into  the  interior,  where  they  are  of  great  thickness,  and  that  the 
divisionst  of  "  Lower  Erratics,"  "  Boulder  Clay,"  and  "  Upper  Er- 
ratics" (sand  and  gravel)  are  persistent  to  the  very  edge  of  the  Penine 
Chain,  modified  by  the  exceptional  circumstance  of  a  bed  of  sand  vrith 

•  See  Quart.  Journ.  Geol.  Sot  vol.  vi.  p.  386.  The  Cat-fith,  here  referred  to, 
rednccs  the  shelU  of  Molluscs  nn  which  it  feeds  to  coarse  fragments,  and,  after 
digesting  the  soft  parts,  emits  the  fragments  [by  regurgitation]. 

t  Journal  of  the  Royal  Agricultural  Society,  vol.  ti.  port  2.  pp.  461  ei  ttq. ;  and 
Quart.  Joum.  Geol.  Soc.  (No.  25)  vol.  vii.  p.  21.  par.  4. 
_       VOL.  VII. —  PART  I.  V 
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erratic  detritus,  about  twenty  fi'et  thick,  interposed  between  the  nA 
and  the  clay,  and  similar  to  the  sand  above  the  clay. 

A  large  {lortion  of  the  materials,  both  of  the  Muid  and  clav,  hare 
been  derived  from  the  strata  of  the  New  Red,  mixed  with  ilrtritiis 
from  the  Carboniferous  hills  on  the  east,  as  well  as  with  a  grrat 
abundance  and  variety  of  granitic  and  slaty  fragments,  transported 
from  the  north. 

The  larger  northern  boulders  appear  to  belong  chiefly  tn  the  rTpprr 
Sand,  but  are  occasionally  foiuid  in  the  Till.  Tliis  consists  of  a  red 
clay,  containing  many  small  fragments  having  a  nortiiem  origin,  aiul 
much  detritus  derived  from  the  neighbouring  chain. 

I  have  seen  shells  in  the  erratic  dejMMits  at  four  points  ;  namely, 
in  a  8and-])it  of  the  Upper  Erratics,  about  three  miles  uurth  of  Mac- 
clesfield, on  the  Stockport  road, — al>out  two  miles  south  of  Maeck*- 
field  in  gravelly  clay,  evidently  derived  from  an  adioiuiiig  nittil^ — 
in  the  same  kind  of  deposit  in  a  cutting  at  the  Nortlirutle  Station  nor 
miles,  and  in  a  iiit  by  the  Dane  Viaduct  six  niileit,  south  of  Mtrdft- 
field.  Tlie  shells  were  iu  the  state  of  finely  cuMiminutril  fnflMBta 
in  the  sand-iiit  on  the  Stockport  road.  At  tlie  other  8]K>ts,  alawH|h 
still  small,  they  were  of  sufficient  sLee  to  permit  the  recognition  of  u* 
genera  T^rritella  and  CarJium. 

In  this  district,  as  in  others  which  I  have  examimtl  on  the  ra«trni 
coast,  in  Wales,  and  in  Ireland,  the  variations  of  s«)il  arc  dcpmiknt 
on  the  amount  of  denudation  to  which  the  Erratic  Trrtiorien  lure  bom 
subjected,  and  on  the  depth  and  composition  of  the  unounfonnaUe 
deposit,  or  "warp,"  thrown  down  on  this  denudetl  surface.  By  i*> 
ference  to  the  Ordnance  map,  it  will  be  seen,  that  a  tract  at  war 
broken  ground  extends  from  Aldcrley  Park,  by  Capo^lhora,  to  8i^ 
lington  and  Gawsworth.  Tlie  numerous  hillocks  with  which  the 
tract  is  studded  are  caused  by  the  partial  denudation  of  a  riii^  at  iIm 
Upper  Sands.  Though  light  soils  predominate,  this  district  aflorda 
ever}'  variety  from  sand  to  clay,  the  sandy  soils  being  chiefly  oa  tW 
aumniits  and  steep  sides  of  the  hillocks,  and  the  dar  in  the  vaOm 
between  them,  in  which  latter  the  denuding  proccas  ttaa  midMd  til* 
Till.  The  loanm,  varying  in  depth  and  in  the  proportion  ofthc  afai- 
minous  matter  contaiueil  iu  them,  are  spread  over  the  long  aiopM. 
Tlie  general  distribution  of  sand  and  clay,  dependeot  dually  oa  tlw 
Erratic  Deposits,  is  shown,  as  well  as  it  can  be  on  ao  a&Mll  •  aoii^ 
on  the  man  accompanying  Dr.  Holland's  Kcport  on  Cbeshirv  to  the 
Board  of  Agriculture. 

On  the  eastern  skirts  of  Mocelesfirld,  the  superpositiao  of  them 
aands  to  the  Till  is  well  exhibited.  For  about  four  milea  MOth  tf 
I  that  town,  the  Marelrslield  canal  runs  along  the  upper  aur&oe  of  the 
Till  iu  a  valley,  where  the  lipper  Erratics  have  been  much  denodol. 
bt'twefii  the  ridge  of  sand  and  the  earlhiuiferuus  hills.  At  a  plaw 
railed  Uullgate  the  canal  makes  a  descent,  by  twelve  kxka,  wbirh 
cannot  be  leas  than  I  '20  feet :  and  then  runs  for  a  mile,  fint 
terrace  of  recousirueted  gravel,  and  then  ou  reddiafa 
■onie  places  on  n-d  marl,  in  others  on  dark  cual-ahalca. 

The  rocks  beneath  these  depuaits  appear  to  have  a  TCiy 


< 


< 


1851.] 


TRIMMER  ON  ERRATICS  OF  CHESHIRE. 


203 


^ 


N 


N 


sorface.  At  the  aqueduct  by  which  the  canal  crosses  the  Dane  about 
t*n  feet  of"  black  shale  are  visible,  covered  by  five  or  six  feet  of  coarse 
reconstructed  gravel,  much  rolled,  wliich  has  been  derived  from  the 
materials  of  the  denuded  Till  and  Upper  Erratics.  On  the  same  left 
bank  of  the  river,  about  a  (pmrter  of  a  mile  lower  down  the  stream, 
we  have  about  forty  feet  of  black  shale,  covered  bv  about  twelve  feet 
of  reddish  sand  and  seven  feet  of  reconstructed  erratic  gravel.  At 
Colley's  Mill,  nearly  opposite,  red  marl  is  exposed  in  the  bed  of  a 
tributary  of  the  Dane ;  and  a  quarter  of  a  mile  furtlier  down,  on  the 
left  bank,  it  forms  a  cliff  about  sixty  feet  high. 

Tlie  road  from  Leek  to  Congletou  for  the  last  mile  descencb,  first 
about  twenty  or  thirty  feet,  over  some  rounded  hills  of  sand,  to  n  level 
tract,  covered  with  rolled  and  reconstnicted  erratic  gravel,  on  which 
Bnglawton  stands.  There  are  two  other  descents,  of  twenty  feet  each, 
to  two  similar  level  tracts  or  terraces,  the  lowest  of  which  consists  of 
loam  with  many  large  pebbles,  both  Wal  and  erratic.  Another  fall 
of  twenty  feet  reaches  an  alluvial  de])osit  of  loam  upon  gravel,  about 
•even  feet  above  the  level  of  the  present  stream. 

At  Congleton,  on  the  right  bank,  is  a  cliff  about  ninety  feet  high, 
the  upper  twenty  or  thirty  of  wliich  consist  of  reddish  sand  with 
graiutic  and  other  foreign  small  detritus.  Red  clay,  with  scratched 
fragments  (Till),  is  seen  to  rest  on  this  sand  in  the  brick-field  about 
halfway  between  the  bridge  at  Congleton  and  the  junction  of  the 
Macclesfield  and  Stockport  roads.  From  this  point,  we  linve  a  clay 
subsoil  between  the  two  roads  for  about  two  miles,  covered  either  by 
a  sandy  soil,  or  a  mixture  of  the  sand  of  the  Upper  with  the  clay  of 
the  Lower  Erratics. 

At  Cheney  Gate,  hillocks  of  the  Upper  Sands  commence,  and  con- 
tinue to  Macclesfield.  In  descending  from  Cheney  Gate  to  North- 
rode  Station  the  same  succession  of  dej)osits  is  crossed — first  sand, 
then  clay,  down  to  the  rniUvay.  At  the  Stnfion  a  cutting  fifteen  feet 
deep  has  been  made  in  the  Till,  which  is  full  of  small  gravel  and  con- 
tains many  fragments  of  shells.  It  passes  down,  as  shown  by  a  well 
that  was  being  sunk  at  the  time  of  my  examination,  into  a  fine  red 
clay,  with  a  very  few  pebbles  aiid  fragments  of  shells.  Beneath  this 
clay,  which  is  twelve  feet  thick,  is  reddish  sand,  which  one  of  the 
railway  workmen  informed  me  they  had  penetrated  to  the  depth  of 
ten  feet  without  reaching  the  bottom. 

Similar  pure  red  clay,  beneath  red  gravelly  clay,  occurs  in  the  brick- 
field at  Fodenbank  near  Macclesfield,  where  the  base  of  it  is  not  ex- 
posed. I  have  found  no  shells  in  this  Lower  Sand.  Sir  P.  Egerton 
has  described  *  a  bed  of  pebbly  sand,  at  least  thirty-six  feet  deep,  at 
"the  Willington"  near  Tarjwrtey,  Cheshire,  about  twenty-five  miles 
west  of  Macclesfield,  containing  marine  shells.  It  was  "  separated, 
by  a  well-defined  line,  from  an  overlying  deposit,  twenty  feet  thick, 
of  the  ordinary  diluvium  o{  Cheshire,  containing  pebbles  aiul  boulders 
of  granite,  slate,  greenstone,  and  other  rocks."  This  diluvium  con- 
sisted chiefly  of  saiul.  From  the  low  level,  seventy  I'eet  above  the 
Mersey,  it  is  probably  reconstruete<l.  If  the  shelly  gravel  of  Wil- 
•  Proc.  Ccol.  Soc.  vol.  ii.  p.  199. 
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mington  c«n  be  traced  uniler  the  Till,  which  we  know  to  be  i 
ill  that  vicinity,  it  would  offer  pheenomeiia  analog;ous  to  the 
bed  of  which  there  are  traces  at  Riuiton,  in   Norfolk,  abore 
freshwater  beds*,  indicating  the  existence  of  ordinary  marine 
ditiong  at  the  commencetneut  of  the  submergence,  before  the  setting 
in  of  the  peculiar  agencies  which  "produced  the  TiUf. 

The  accompanying  diagram,  fig.  I,  represents  the  taeettdn  ter- 
races of  reconstntcted  erratic  ouiterials,  on  the  banks  of  the  rmr  at 
Conglcton,  and  the  clifT  of  red  marl  and  erratic  tertiaries  on  the  right 
bank.  Fig.  2  represents  the  succession  of  erratic  deposita  from  th» 
cUff  at  Congleton  to  iVlderley  Edge. 

Fig.  1 . — SeetioH  across  tht  Valley  of  the  Dane  from  CongUtom  to 

Bufflawton. 

Horizonul  telle  1  mile  to  2  incbet.    Vertical  tcale  240  feet  to  I  inch. 

N.E. 


Nor  R»d  Mwl 


*.  Lomr  Enuin.    TUI. 

c.  Thin  bed  of  aand,  wmMinw  grmrcllj. 


*«././.» 


North  of  Alderley  Edge  to  Stockport,  the  stirface  is  chiefly  clay, 
varied  by  outliers  of  the  Upper  Sands,  and  by  accumulationa  at  W- 
constructed  erratic  materials,  which  bonier  the  line  of  the  Bollinit,  li 
various  levels.  At  Stockport  the  Mersey  has  cut  a  cbf  -ity 
feet  deep,  in  sandstone  of  the  New  Red.  The  liighcr  pn.  ,k- 
port  npiM-ar  to  stand  on  sand,  resting  on  clay  whirh  has  nuui  tM.'tw««B 
It  and  fne  rock.  In  the  lower  groimd,  along  the  line  of  the  railway 
to  Manchester,  the  surface  is  chiefly  a  clayey  loam,  which,  in  ait 
brickfields  at  Manchester,  passes  down  into  a  very  tennrion*  'hH. 
with  ninch  fragmeiifan-  limestone.  On  the  higher  gr 
Manchester,  as  atCheethnm  Hill,  are  outliers  of  sand  n?i     „  

In  no  part  of  the  lines  of  railway  fr<)m  Alderley  to  .Mancbcalcr. 
and  from  Congleton  to  Stock])ort,  are  there  cuttings  which  now  t%- 
hibit  the  stratification  to  a  greater  depth  than  thirty  feet ;  and  in 
none  hare  I  obsened  the  rock.  From  a  combination  of  all  the  ite> 
tions  observed  with  the  estimated  height  of  the  hUU  of  erratic  depoata 
which  rise  above  them,  I  cannot  estimate  the  depth  of  theae  i" 
at  less  than  1 50  feet,  of  whidi  about  50  may  conast  of  TUL 

Serateked  Detritus  of  the  Titx. 

In  the  Upper  Erratics  of  the  different  diitrieta  which  1  hare  at 
Tuknu  time*  examined,  I  have  seen  deep  scuriugs  uu  aome  of  lika 
large  blocks,  particularly  the  local  bliM'k*;  but   I  believe  that  llw 

*  Quart.  Joam,  G«oL  Soc  vol.  rii.  p.  20.  par,  2. 

t  Ser  alu  Quart.  Jonra.  OeoL  Soc.  vol.  vi.  p.  M6,  for  aotiota  I7  Mr.  SMft  rf 
Jordaa  I  till  of  exceptional  catei  of  Mnd  with  thell*  below  the  TQL 
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Bmall  scratched  detritus  is  characteristic  of 
the  Lower  deposit,  or  Till.  1  have  not  ob- 
served an  instance  of  it  in  the  Upper  Er- 
ratics, either  of  the  east  or  west  of  Eng- 
land. From  recent  ohservations,  I  doubt 
whether  these  scratches  are  found  on  the 
smaller  fragments  of  granitic  and  other 
northern  rocks  in  the  Till  itself,  which 
have  been  derived  from  great  distances,  and 
whether  they  are  not  confined  to  such  as 
have  come  from  the  neighbouring  high 
grounds.  Should  this  prove  to  be  the  case 
generally,  it  woiUd  throw  much  light  on  the 
history  of  these  deposits,  if  we  could  deter- 
mine the  exact  nature  of  the  agencies  by 
which  the  jmlishing  and  scratcliing  of  these 
fragments  were  effected,  whether  they  are 
to  be  referred  to  the  action  of  marine,  or 
of  terrestrial  ice.  When  slabs  of  slate  are 
found,  as  I  have  seen  them  in  the  valleys  of 
the  interior  of  Wales,  with  one  side  po- 
lished and  scratched,  the  other  remaining 
quite  sharp,  we  can  have  no  difficulty  in 
supposing  the  upper  surface  to  have  been 
protected,  by  being  fixed  in  a  mass  of  ice. 
Mlicn  both  sides  have  been  polished  and 
scratclied  as  in  the  specimen  of  limestone 
from  the  Till  at  Manchester,  now  exhibited 
to  the  Society  (see  fig.  3,  page  207),  it  may 
be  supposed,  that,  having  been  imbedded  in 
ice,  its  undtT-surface  was  scratched  in  pass- 
ing over  hard  points,  and  that,  having  been 
frozen-ill  during  another  season  in  a  reversed 
[losition,  the  same  process  was  repeated  on 
the  O])posite  side.  It  is  objected,  that,  if 
the  ice  were  shore-ice,  the  first  set  of 
scratches  would  be  effaced  by  the  action  of 
the  sea  on  the  beach  before  the  stone  could 
be  again  enveloped  in  ice.  It  may  be  sup- 
posed, on  the  other  hand,  that,  the  stone 
being  stationary,  the  ice,  having  small  gra- 
vel and  sand  frozen  into  it,  passed  over  the 
stone,  polishing  and  scratching  the  ujiper 
surface  ;  and  that,  the  position  of  the  stone 
havuig  been  reversed,  the  ojiposite  side  was 
subsequently  subjected  to  the  same  action. 
The  Narratives  of  the  Polar  Voyages  fur- 
nish many  facts  illustrative  of  the  manner 
in  which  fragments  of  this  kind  might  be 
imbedded,  under  an  arctic  climate,  in  a  ht- 
toral  deposit  of  mud. 
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Ill  the  first  place,  we  have  frequent  notices  of  large  surfaces  eofCfcd 
to  the  depth  of  two  feet  by  angular  fm^^nents  which  the  frott  had 
detached  from  the  rock  (limestone)  lying  beneath, — of  iuuiuncnbis 
blocks  of  limestone  constantly  detached  from  an  adjuiiiing  precipice 
and  rolling  down  glop<-$, — of  ground  covered  for  the  (pace  of  a  mil* 
with  umnll  pieces  uf  slaty  limestone,  the  cUtfs  in  many  places  rcarao- 
bling  ruined  battlements,  from  which  fragments  were  continnallT 
falling.  We  have  notices  also  of  pillars  of  rock  rising  like  stacks  of 
chimneys  and  surr<.miide<l  with  masses  of  their  debris.  These  bat 
may  be  compared  to  the  peaks  of  bare  rock,  surrounded  by 
heaps  of  their  own  angular  blocks,  so  common  on  the  summits  i 
Welsh  mouu tains. 

Secondly,  on  the  melting  of  the  snow,  during  the  short  arctic  sum- 
mer, the  ravines  are  filled  with  furious  torrents  which  hurry  much 
detritus  into  the  sea.  Where  the  land  is  high,  the  grr«tcr  accumu- 
lation of  snow  funiisbes  a  constant  supply  of  water  during  the  whole 
summer ;  but  where  it  is  low,  it  soon  becomes  tree  from  snow,  the 
ravines  entirely  drr,  and  the  whole  face  of  the  ground  ]>arehed  and 
cracked,  as  if  there  had  been  no  moisture  on  it  for  a  long  time. 

The  detritus  thus  hurled  into  the  sea  produces  (luints  nf  laud  at 
tlie  mouths  of  the  ravines.  This  is  so  invariable  a  fact,  that  Sir  E. 
Parry  declares  that  "  in  case  of  danger  fnim  the  sudden  dosing  of  Um 
ice,  a  ship  may  always  be  sure  of  meeting  with  one  of  these  poinll^ 
which  are  too  small  to  be  si-eu  at  a  distance  or  delineated  uu  (he  ciiart, 
by  steering  for  one  of  the  ravines,  the  latter  bciug  distiuguishabla 
several  miles  from  the  land." 

Lastly,  it  was  observed  that  in  the  begimiing  of  the  summer,  the 
snow,  when  partially  melted,  freezes  again  into  a  thin  cake  of  ice.  In 
some  seasons  and  in  some  situations,  this  afipears  to  be  the  extremr 
limit  of  the  thawing  process;  certain  cliffs  which,  when  visited  at 
one  season,  were  clear  of  snow,  were  found  at  the  close  of  anotfasr 
colder  summer  covered  by  a  layer  of  blue  traiisvarent  ice,  the  rcaak 
of  the  partial  thawing  of  the  snow,  arrested  by  the  frost.  ^M 

Such  conditions  would  be  pnrticularlv  favourable  to  the  i  imlinJ^B 
of  detritus  in  ice,  to  its  sliding  <lown  slojies  thus  enveloped,  and  lo  its 
final  trausitort  to  the  sea.  It  might  slide  down  slopes,  and  be  fluatnl 
over  level  84irfaces.  It  might  make  the  journey  to  the  cuant,  by  suc- 
cessive stages,  during  seteral  seasons;  and  at  each  halt  acratelMS 
previously  received  would,  upon  the  hind,  be  safe  from  that  oblitcn- 
tion,  wliich  it  is  objivted  must  take  place  upon  the  sea-«hore.  At 
each  stage  of  its  journey  it  might  present  a  different  surfacv  to  the 
polishing  and  scratching  action  ;  and  at  length,  still  imbedded  tu  ice. 
It  might  reach  one  of  tliose  violent  and  transient  torrrnts,  by  which 
it  might  be  floated  out  to  sea  and  dru|>ped,  on  (he  melting  of  tha  it*, 
into  the  mud  in  the  condition  of  the  8{iecimeu  exhibited  ai  th*  1ImI> 
ing  (see  fig.  3). 

From  these  considerations,  the  accordance  of  thr  state  and  dittn- 
bution  cif  the  fragmentary  matter  in  (he  Till  of  Norfolk  and  Wahl 
with  thr  observed  ettW-ts  of  marine  and  a(mo8phcric  i 
arctic  climate  was  uiferrtHt  in  the  pa|>er  allude<l  to  in  a  I 
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munication  *,  written  in  1847i  for  the  Memoirs  of  the  Geological 
Survey  of  Great  Britain.  From  this  paper,  although  not  yet  pub- 
lished, I  take  the  liberty  of  making  the  following  extract: — 

"By  the  melting  auci  fracture  of  the  ice,  the  detritus  would  be  de- 
posited under  a  great  variety  of  conditions.  Here  we  should  have 
gwat  heaps  of  Kimmeridge  clay,  containing  many  tons  weight,  shot 
down  by  the  side  of  etinally  large  heaps  of  mimixed  chalk.  There 
the  two  would  be  blended  together  iu  smaller  masses.  As  the  melt- 
ing ice  drifted  about,  much  of  this  clay  and  chalk  would  be  deposited 
as  separate  fragments,  water-worn  by  the  wash  of  the  sea  over  the  ice. 
The  ice  would  have  received  ])nrt  of  the  detritus  in  that  state ;  and 
we  should  also  find  fragments  buried  in  the  mud,  often  retaining 
scratches  wliich  their  lower  side  had  received  when  sliding,  set  iu  ice, 
down  the  steep  slopes  of  their  native  rocks,  or  which  stranding  ice- 
floes had  impressed  on  their  upper  surfaces  when  grmding  over  them 
on  the  shore." 

The  fragiment  of  limestone,  above  re- 
ferred to,  page  '20.'),  from  the  Till  of 
Manchester,  is  of  the  shape  represented 
in  fig.  3.  Tlie  dimensions  are,  length  of 
the  side  a  5^  inches,  of  h  5J^,  of  c  3  inches. 
Thickness  of  the  side  a  3  inches,  thinning 
off  on  the  sides  e  and  d  to  1^  and  l^  inch. 
The  face  e  and  the  opposite  face  are  the 
most  jwlbhed  and  scratched ;  the  scratches 
are  inclined  to  one  another  at  various 
angles,  which  are  greater  on  one  face  than 
on  the  other.  The  faces  at  a  and  c  are 
slightly  jmlishcd  and  scratched  ;  the  face 
at  h  is  rough,  without  a  scratch  ;  and  that 
at  (/  rough,  with  a  few  scratches. 

The  greater  proportion  of  the  specimens 
of  scratched  detritus,  sent  to  the  Museum 
from  various  localities  by  different  observers,  exiiibit  similar  condi- 
tions of  form  and  of  partial  polishing  and  scratching  on  more  than 
one  aide. 


Fig.  3.—0ulline  of  a 
Boulder  from  the  Till 
of  Manc/ietter,  bear- 
ing scratc/ies  on  mo»t 
of  its  aurfaeei. 


3.  On  the  Seqvbnce  of  Events  during  the  Pleistockni 
Period,  as  evinced  by  the  Supekficial  Accumulations  and 
SuRFACE-MAKKiNGs  of  NoRTH  Wales.  By  Prof.  A.  C.  Ram- 
SAY,  F.G.S. 

[The  publicatioa  of  thia  Paper  U  deferred,  by  permission  of  the  Council.] 


*  Quart.  Joum.  Geol.  Soc.  vol.  vii.  p.  20. 
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April  9.  1851. 
The  following  commuuicatioos  were  read  :— 

1.  On  the  Basement  Beds  of  the  Inferior  Oolite  in  Gloock*- 
TER8HIRE.     By  the  Rev.  P.  B.  Brudie,  M.A.,  F.G.8. 

The  lower  strata  of  the  luferior  Oolite,  neftr  Cheheuh*m,  and  in 
other  parts  of  Gloucestershire,  present  some  features  of  noTeltv  aod 
interest,  which  I  now  proceed  to  lay  before  the  Society  ;  and  thi*  will 
form  a  concluiiion  to  my  previous  paper  ou  the  superior  Diviaigiia  of 
this  Formation*.  The  bed  immediately  below  the  "  shelly  freeatooe** 
has  been  correctly  termed  PisoUte  or  Pea-grit  in  the  'Geologj  a^ 
Cheltenham  t,'  ainl  is  there  described  as  being  "made  up  of  small 
flat  concretions  from  a  quarter  to  half  an  inch  in  diameter,  whidi 
give  it  the  appearance  of  a  nummulitic  rock."  At  Leckhamptou  Ilill 
il  admits  of  the  following  subdivisions  : — 

""K. — Rnbbly,  cotne,  pitoUlic  Oolite,  the  flat  eoncretinna  nthrr  lam : 
in  placet  much  broken  up,  though  iome  large  block)  occur  ai  la- 
t«r>'al>;  prevailiaK  colours  jellow  aod  brown,  ll  cvatain*  xim* 
Corali  aud  tcTeraTspecies  of  Eekhtodeimala,  among  which  Pyfutttr 
$fmitulcatu$,  Phil).  (Cl^>eu*  ornatuM,  Buckman)  aod  Hyttijnirmt 
at/arietformit,  Forbet,  are  characteristic II 

B. — Hard,  whitiih,  compact  Oolite,  called  "  WeatbcnioDe  "  bv  th* 
workmen ;  the  flat  concretion!  wmeirhal  tmaller  than  the  taovi^ 
It  ■>  a  good  uiefttl  ttone,  and  itandi  the  &ott.  Man;  baartllM 
Corals  are  tcaitered  over  the  surface  of  the  blocks S 

C. — Coane,  concretionary,  ferruginous  Pisolite, with  tery  large 
a  loose  nibbly  bed,  like  No.  1 ;  Shells  and  (V>rals  numcram  i 
into  a  hard  rough  Oolite,  leaa  piioUtic  in  its  stnictort  ttaa 
the  above;  varying  in  colour,  brown  and  yellow  predoBHiiailafi 
fragments  of  Trichite;  TtrtbrttmU  anyrfurt.  T.  plieal;  T.  tHrm- 
hrdra,  Triyonia,  Fretmet,  Ampkidnma,  and  oilier  fossik 
tud  occasionally  claws  of  Crabs{ „ 

TMtf. —  m 

*  Quart.  Joum.  Geol.  Soc.  vol.  vi.  p.  239  et  tey. 

A  description  of  the  new  s|iecies  of  shells  in  the  "  shelly  freettoa*  '  ia  (Nw  is 
Mr.  Lycctt's  valuable  paper  ia  the  AnaaU  of  Natural  Histof;,  vol.  fi.  K«.  96,  Itt 
DeCMDber  lHr>o. 

I  scarcely  did  justice  to  my  friend  Professor  Duckmaa  in  my  tal*  comma 
■pon  the  "  shelly  fre«tone,'   for  I  inadvertently  umilted  to  state  that  he  I 


vioiialy  remarked  the  identity  of  some  of  the  Talacta  witli  Grral  Oolit* 
ahbotagk  tka  number  referred  to  waa  at  that  tinw  varjr  oaall  (lea  Oealifj  id 
ChdMobam,  p.  31). 

t  Outline  of  the  Geology  of  the  Neighbonrfaood  of  Ctkchaaliaa,  bir  B.  I.  Mw> 
ckboB,  2nd  edit.  Angmeatcd  and  revised  by  Jamea  Buckaaa  aad  li.  K.  SaMk> 
laod.  Avo.  ln\h.  pp.  26  and  .^I. 

X  Ttntraiuia  yiiraia  siiii  T.  timpkm  an  Boct  prcsaleoi  ia  iha  n«olil«^  ail  i» 
BOI  occur  below  it ;  the  Utter  is  often  of  targe  itxe. 

h  A  B««  tatm  cf  the  miottte  BracliiopMl,  nttidi*,  Mtm%  n  tka  FiaoBtr.  wMtk 
Mr.  DavidiaB  CMuidan  to  be  a  variriy  of  Th.  Ii  iii^iitirh.  D'Orit.  aad  Da*.  |  Jte 
laltar  ia  frequently  found  attached  to  Coral*  ia  the  Oalite.BiarL    Srvoal 
■ew  apeciea  of  shells  hare  been  diaeovered  in  the  Pbotlli  (eapccially  kj  «y 
Dr.  \l light),  but  thry  are  at  present  uaouDed. 
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The  same  characters  are  presented  by  the  Pisolite  at  CleeTC  on  the 
north-east,  and  at  Crickley  on  the  south,  where  it  admits  of  the  same 
subdivisions  and  contains  identical  fossils,  although  its  average  thick- 
ness is  probably  rather  more*.  South  of  Birdlip  and  along  the  more 
south-western  range  of  the  Cotswolds,  the  Pisolite  disappears,  but  its 
absence  is  more  than  compensated  for  by  the  increased  thickness  of 
the  .\mmonitiferous  oolite  and  inferior  sands,  the  latter  of  which  at 
Wotton-under-Edge  are  estimated  by  Mr.  Lycett  to  be  about  40  feet 
tiiick,  and  near  Minchinhampton  to  average  from  35  to  40  feet; 
while  up  the  Chalford  valley  they  are  reduced  (he  says)  to  less  than 
half  that  amount,  and  they  probably  thin  out  northwards  where  they 
are  succeeded  by  the  Pisolite.  The  next  strata  between  the  smidsand 
the  Pisohte,  which  constitute  the  lowest  of  the  Inferior  Oolite  rouud 
Cheltenham,  have  not  been  previously  noticed,  or  have  been  erro- 
neously classed  with  the  Pisohte^  to  which  they  obviously  do  not 
iM'long ;  one  portion  being  especially  interesting  as  forming  a  lione- 
^mieJ,  although  of  limited  extent  and  thickness. 

^b  Feet.  lo. 

^H         CD. — Immediately  below  C.  of  the  Pisolite  is  a  ferruginous  Oolite, 
^H  made  up  of  small,  brown,  oval,  shining  grains  Uke  small  seed*, 

^B      ■         cemented  together  by  a  sort  of  calcareous  paste  of  a  yellow  aud 
^^      ^  brown  colour.     It  is  characterised  by  Bflermilei  and  Ottreee  ...  3 

„      E. — Yellow  sand  without  fossils 0 

F. — Hard,  dark  grey,  approaching  to  brown,  shelly,  crystalline 
limestone  containing  Belemmtft,  some  Ammonitet,  Peclinei  {P. 
ietu),  Terebratula  (especially  T.  bident),  Lima,  Amph'uiema, 
GereUlia,  and  Serjiula.  Bones,  Scales,  Coprolites,  and  Teeth  of 
Fish  are  dispersed  throughout  the  mass,  and  may  be  most  readily 
distiuguished  on  the  surface,  intermixed  with  the  same  brown 
oval  grains  as  iu  U.  higher  up.  The  Limestone  has  been  bored 
into  by  Lilhudomi,  aud  the  cavities  are  often  tilled  up  with  frag- 
ments of  bones,  &c.  At  its  junction  with  tlie  sand,  K.  above,  it  is 
of  a  yellow  colour,  and  it  passes  into  a  yellow,  ferruginous,  pure, 
sandy,  micaceous  stone,  with  fewer  oval  particles,  full  of  Ilelrm- 
nitei,  Ammonitet,  Pectinet,  and  numcious  fragments  of  Bones, 
^^  Scales,  and  Coprolites.  On  the  whole,  Btlemnitet  are  more  abun- 

^H  dant  than  .Ymmoni/o  at  Leckliampton  1     0 

^■^     ,    f  Drick-coloured  and  dark  yellow  sandy  marl,  with  broken  Shells, 

[  "I      chiefly  Pectens,  and  small  spiues  of  CiiJoru 0     3 

L       A. — Blue  micaceons  shale  (Upper  Lias). 

^P  At  this  particular  spotf.  the  junction  of  the  Oolite  and  Lias  is  veil 
exposed ;  but,  with  the  exception  of  Crickley  Uill,  this  is  the  only 
locality  along  the  whole  hue  of  tlie  outer  cscaq)ment  of  the  Cotswolds 
where  it  may  be  obsen^ed,  owing  to  the  quantity  of  debris  aud  rubble 
which  covers  the  slof>es  of  these  hills.  Ileucc  it  is  almost  iini)03sible 
to  trace  these  lowest  beds  with  any  degree  of  accuracy,  although  it  is 
evident  that  throughout  the  whole  of  the  line,  from  Clceve  to  Wotton 

*  The  Pisolite  extends,  in  all  probability,  in  a  north-easterly  direction  towards 
Winchcomb.  The  Oolite  marl  occurs  there  and  at  Chipping  Campden,  on  the 
north-eastern  extremity  of  Gloucestcn>hirc,  with  the  usual  characteristic  fossils. 
At  the  latter  place,  ray  friend  Mr.  Gavey  informs  nie  that  the  freestone  rests  imme- 
diately upon  the  Lias  ;  so  that  the  Pisolite  is  entirely  wanting.  At  present,  how- 
ever, our  information  of  the  Oolitic  series  in  that  district  is  very  scanty,  but  I 
trust  his  zeal  will  siwn  remedy  this  deficiency. 

t  The  junction  of  the  Oolite  and  Lias  is  seen  in  a  corner  of  the  lowest  quarry 
where  sand  is  obtained,  looking  towards  the  noith-wcst. 
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and  Dundry,  the  "Ammonite  and  Belemnite  bed"  underiiet  the  Ptto 
lite,  or  overlies  the  sands,  and  is  a  very  coostaut  and  well-n 
member  of  the  series.  At  Cleeve  I  detected  just  above  the  U| 
Lias,  some  loose  fragments  of  a  hard,  brown,  sandy  stone,  with  Sk 
Bones,  and  Coprohtes,  which  no  doubt  is  present  im  titu,  if  it  ooold 
be  clearly  ascertained.  At  Crickley  the  Pisolite,  on  the  soutjMm 
escarpment,  rejioses  on  a  grey,  bluish-brown,  gritty  stone,  thrte  or 
four  feet  thick,  passing  into  a  hard,  grey,  ferruginous  rock,  one  fiwC 
thick.  Fragments  of  Bones,  Scales,  Coprolites,  ami  Terth  of  Ofho- 
dim  are  very  abundant,  es]>ecially  in  the  upper  part ;  the  «*'"iiifi^ 
oolitic,  oval  grains  are  not  so  constant,  but  tnere  arc  uutneroua  jB«> 
lemniti-i,  .Immomtes,  Pectinrs,  TerebratuUe  {T.  bid<nu,  Phill.),  iaise 
PholaJonnja,  Spvndylvs  (Hiitnitet),  &e.  From  the  man  of  dehns  J 
the  section  is  difficult  to  make  out,  but  it  is  eWdently  a  oontinuoliaM 
of  the  same  stratum  at  Leckhampton  before  di-soribed ;  the  litltol«»>1 
gical  differences  arc  comparati%'ely  slight  (the  hnicstouc,  No.  '1,  P., 
Ix-ing  less  clearly  defined),  and  the  zoological  agreement  nearly  perfect. 
A  roadside  escarpment  on  Frocester  Hill,  facing  thi-  Sercm,  tow«nls 
Coalcv,  presents  the  foUowiug  section  in  descending  order : — 

tmt.  la. 
'  Preettone  (bue  of),  the  top  bed*  ihelly  and  llaggT,  like  Ibe  "  thell} 
freeitooe"  at  LecVhuupton,  the  lower  part  geiianUjt  loAcr, 
ooaner,  and  ^tty  ;  here  and  there  trarened  by  bard  AtMj  lay* 
en ;  the  turface  of  ihe  blocks  often  coT«nd  wits  brokaa  Mem*  of 
a  new  i|>ecict  of  Pmtaermitu,  pUtes  of  CUaria,  aad  bbmH  witifc 
I.  ^  worn  ComU.  It  U  uied  for  building  purpoM(,aBd  b  raoMrkaUa 
for  iu  dazzling  whiteness.  Tbew  conttitute  the  loweat  bed*  of 
the  freestone  and  are  aboui  40  feet  thick,  the  ihicksst  ponioa 
fonuiiig  the  kumniil  uf  t)ie  hill,  and  being  on  the  whole  ijitito  *■ 
thick  ai  at  Leckhampton,  which  with  aome  slight  miaenlofical 

difference  it  clearly  represents  

Pine-gtaiued  gritty  ttone  of  a  light  brown  colour,  reaembliBg  Ibe 
"  Trigonia-gnt,"  loaded  with  Pkoladomya,  Trickiitt,  MoJiola  ph- 
eata,  Sow.,  Serfmla  tocialu,  Golilf.,  and  frond  at  a  Ten,  a  rart 

fossil  in  the  Inferior  OoUte  of  Gloucestershire 3  or 

, — Hard,  yellow  Oolite  with  few  foatils    

'U. — Coarse  Oolite,  of  a  brown  and  yellowtint,  nud«  up  of  oral  oolitic 
pvtides;  fuU  of  iMrmns/et*,  .immomUM  (W.  Jiaeoidm,  l>'Or- 
bigny,  J.  tmarahu.  Sow.,  J.  Parkimtomi,  Tar.  Sow.),  large  >•■• 
lin,  MiMlMa  pHft;  Sow.,  MtaHt,  and  namermia  otbar  ilielb. 

T*rrintula  Udent,  Phill.,  occurs  in  layon  at  the  top ^ 

P. — Loose  rubbly  bed,  with  irregular  nodules  of  a  bard  micaocooa 
stone ;  the  surface  covered  with  SerjmUi,  and  oecMioMlly  haiMl 
iuUt  by  a  lithodomoiu  MoUusk  u  the  eqaiTalaat  liBMlaao  « 
Leckliampton  (see  No.  2.  P.) ;  paaaing  into  a  hard  eoane  OoMi^ 
similar  to  0.  above  described,  yielding  Biltmmtm,  ^taaaaMih 
and  carbonited  Wood.  It  becomes  sandy  at  lb*  baa*.  I  cmM 
drtcci  no  remains  of  Fish  in  any  |iart,  but  tt  is  crtdnil  thai  tUa 
rnlire  hand  is  identical  with  No.  2.  at  LeckJuunptoa  aad  ClUklajr, 

with  which  it  agrees  in  most  iwrticulars  .^,. 

'^Tellow  micaceous  sand ;  depth  uncrrtsin,  but  It  moil  be  of  tarn- 
siderable  thickners,  probably  30  or  40  feol.  Dip  iB^O,  to  Ika 
south  .east.  The  Lias  is  not  well  expoaad  ia  lUt  me6m,  a^ 
thoogb  it  i*  vitible  tMor  the  lumpike  at  tba  boltaa  of  Iht  hfl,«i 
•be  raad  to  PrDcester. 


S. 


4  • 
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*  The  greater  number  of  Ihe  Btitmnittt  and  .iiaai«ai/n  Cniai  ikis 
the  Cotswolds  are  unnamed. 
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_'  former  paper  in  the  Quarterly  Geological  Journal,  the 
group  helow  the  Pisolite  was  named  the  "  Ammouite  and  Beleinuite 
bed*,"  for  the  preponderance  of  these  sheik,  independent  of  any 
other  characters,  distinguishes  it  from  iJl  others  in  the  series.  On  the 
whole,  these  fjenera  are  ronipnratively  rare  in  any  of  the  superior 
divisions,  and  occur  in  greater  or  less  profusion  in  the  equivalent  strata 
at  Painswick,  Beacon  Ilill,  Ilaresfield,  Frocester,  Wotton-under-Edge, 
and  Dundry.  In  all  eases  it  may  be  also  identified  by  tiie  presence  of 
the  small  shining  oolitic  grains,  eeuu-ntecl  by  a  brown  or  white  calca- 
reous paste.  The  remains  of  Fish  appear  to  be  merely  local,  for  I  have 
not  obser^'ed  them  in  any  of  the  localities  above-mentioned.  With 
the  exception  of  a  few  large  Palatal  teeth  in  the  Pisolite,  any  traces 
of  Fish  are  seldom  met  with  in  the  Inferior  Oolite  of  Gloucestershire, 
and  their  abundance  in  the  present  instance  is  a  remarkable  exception 
to  the  general  rule.  The  bones,  scales,  coproUtes,  and  teeth  are  very 
minute,  rolled,  and  fragmcutary,  but  in  sujficient  lumibers  to  form  a 
kind  of  Bone-hed,  and  probably  belong  to  more  than  one  species  of 
Fish,  and  I  have  only  noticed  one  which  could  be  ascribed  to  Saurians. 
Teeth  are  not  common ;  the  few  which  have  been  discovered  were 
pronounced  by  Sir  P.  Egerton  to  belong  to  a  species  of  Uyhodus. 
The  great  profusion  of  certain  genera  of  CephalojMMis,  such  as  Am- 
monitet.  Nautili,  and  Be/emiiites,  uidicates  a  deep  sea,  which 
evidently  became  shallower  during  the  deposition  of  the  shelly  free- 
stone, and  even  in  some  degree  before  the  Pisolite ;  an  inference 
which  may  be  drawn  from  the  presence  of  Lithodomi.  The  evidence 
afforded  by  the  occurrence  of  a  boring  MoUusk  is  that  of  partial  ele- 
vation and  repose  ;  but,  as  Ammonites  and  Belemnites  are  again 
fotnid  a  little  higher  uji,  there  must  have  been  another  local  subsi- 
dence ;  after  which,  and  before  the  formation  of  the  freestone,  the 
sea  woidd  seem  to  have  heeu  getting  gradually  shallower ;  for  the 
general  character  ixUh  of  the  Pisolite  aiulfreestone  points  to  an  ocean 
of  less  depth  than  that  in  which  the  .\nimonite-bc(lt  was  deposited. 
It  is  a  curious  and  interesting  fact,  that,  in  nearly  every  example, 
the  large  fragmentary  accumulations  of  the  remains  of  Fish  or  Sau- 
rians, commonly  called  "  bone-beds,"  have  taken  place  at  the  close  of 
one  formation  and  the  conunencemeiit  of  another ;  and  it  is  not  per- 
haps easy  to  assign  a  reason  for  this  eoincidenee,  although  most  of 
these  peculiar  deposits  arc  only  local  and  not  very  extensive,  the  Lias 

*  When  I  >pokc  of  this  stratum  near  Cheltenham  (Quart.  Jouro.  Geol.  Soc. 
vol.  vi.  p.  22-i,  note)  at  being  a  diminished  representative  of  its  equivalent  at  Fro- 
cester, I  referred  more  especially  to  the  inerea<icd  thickness  of  the  sands  hencath, 
which  at  Leeldiunipton  are  liaretv  represented  by  three  inches  of  sandy  marl ;  the 
jtmmonile  latd  Uelenmile  lied  itself  being  uf  uniform  tliicknesa,  or  nearly  so,  st 
both  those  places,  but  expanding  considerably  at  Wotton  and  Dundry. 

t  Mr.  J.C.  Nesbitt  has  kindly  examined  some  portions  uf  ttiis  rock,  and  in- 
foriDt  me,  that  although  he  has  not  yet  had  leisure  to  make  an  accurate  quantita- 
tive analyais,  yet,  from  qualitative  experiments,  he  feels  satisfied  that  the  speoi- 
Bieoa  he  examined,  viz.  a  cast  of  a  small  Ammonite  and  hand-specimens  with 
many  amall  fragments  of  bones,  &c.,  from  this  basement-bed  of  the  Inferior 
Oolite,  contain  between  40  and  60  per  cent,  of  phosphate  of  lime ; — in  fact,  that 
the  whole  of  the  specimctu  are  tiighly  phosphatic. 
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"  botic-bed  "  being  the  thickest  and  most  \indely  distrilmted.     Tb«i 
following  wfU-known  examples  will  point  this  out : — 

Bone-bed  at  the  base  of  the  Lower  Greenmitd  at  its  junctioa 

with  the  Wcalden. 
Bone-bed  at  the  base  of  the  Inferior  Oolite  at  ita  junctioa  with 

the  Lias. 
Bone-bed  at  the  base  of  the  Lias  at  its  junction  with  the  Nrw 

Red  Marl. 
Bune-bed  at  the  base  of  the  Mountain  Limestone  at  ita  juuctiott 

with  the  Old  Rod  Sandstone. 
Bone-bed  at  the  base  of  the  Old  Red  Sandstone  at  its 
with  the  Ludlow  Rock*. 
If  the  Lias  bone-bed  be  correctly  assigned  to  the  Triaa,  it 
then  mark  the  commencement  of  the  New  Red  Sandatone  apodit 
instead  of  the  close  of  the  Liassic. 

I  am  indebted  to  my  friend  Mr.  Lycctt  for  «>mi'  useful  infr 
tion  resjiecting  the  Lower  Dirision  of  the  Inferior  Oolite  in  hia 
district,  and  with  which  indeed  he  is  in  all  res[>ects  so  w(41  acqaaialcd. 
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2.  On  tome  Pointt  of  the  Physical  Geography  of  Nomm  .\ii« 
RICA  in  cunnecdun  with  if*  Geological  Strcctcre.  By  Sis 
John  Richardson,  M.D.,  F.R.S. 

[Commuaicated  by  Sir  C.  Ljell,  P.G.S.] 

In  the  following  brief  communication  it  is  my  purpose  to  drmw  the 
attention  of  the  Societv  to  the  remarkable  cuiuiexiun  that  exiaU  he> 
tween  the  river-  and  lake-basins  of  North  America  and  the  geolopeal 
•tracture  of  that  region. 

An  iiis(H>ction  of  .\rrowsmith's  or  any  other  good  HiMfRl  idh>  ci 
the  cutitinent  will  show,  that  to  the  cast  of  the  Rocky  Mountain  cuia 
the  chains  of  great  lakes  or  the  river-valleys  hare  either  a  (taralleliaB 
t4>  the  Rocky  Mountains,  or  run  nearly  at  right  angles  thereto. 
North  of  the  St.  Lawrence  basin  all  the  greater  rxravatioiis  lie  ia  ■ 
line  parallel  to  the  axis  of  the  Rocky  Mountains,  and  at  the  j'«iM^tf 
of  Silurian  strata  with  a  granitic  formation,  while  narrower  «dlnK 
occupied  by  the  greater  rivers,  cross  them  nearly  at  right  ngfai. 
A  few  explanatory  obnervations  will  make  tliis  more  clear. 

The  Rocky  Mountaui  chain  lias  a  general  course  for  2500  mflH^ 
or  from  the  .'lOth  parallel  of  latitude  to  the  .\rctic  Sea,  of  N<wth  2f* 
M'est ;  tiiat  is,  of  about  North-west  by  North.  Its  peaks  ria 
1 2,000  to  1  r),000  feet  above  the  sea,  but  passes  ocritr  at  varioos 
at  elevations  of  from  60U0  to  MOOO  feet.  The  higher  parts  of  the 
range  rise  abniplly,  but  along  the  eastern  base  of  the  rhain  then 
exists  a  belt,  composed  chiefly  of  sandstone,  l.'iO  mOm  wide,  »UA 
has  a  mean  inelinHtion  of  thirty-six  feel  in  the  uiile,  in  ita  dwcewl 
from  8000  feet  to  2600.  From  tliis  belt  to  the  shores  el  the 
Atlantic,  a  distance  of  about  1800  geographical  mik*.  the 

•  Set  SO.  871UM,  tf-  I1W-S0O. 
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averages  a  little  more  than  a  foot  in  the  mile.  Six  hundred  miles  of 
the  western  part  of  this  slope  is  nearly  regular  in  its  descent,  being 
what  is  named  "  prairie  land,"  or  "  rolling  prairie," — the  rest  is  va- 
riously excavated. 

In  proceeding  eastward  from  the  Rocky  Mountains  in  the  southern 
half  of  the  continent,  nothing  deserving  the  name  of  a  mountain- 
chain  is  met  with,  until  we  come  to  the  Alleghanies  or  .Vpalachian 
chain,  which  running  parallel  to  the  Atlantic  const  and  near  it,  for  a 
thousand  miles  from  Georgia  to  the  promontory  of  Gaspc  in  the  Gulf 
of  St.  Ln«Tence,  has  a  course  of  North  46''  East,  and  consequently 
forms  an  angle  of  72^  with  the  axis  of  the  Rocky  Mount-iins. 

Between  the  Apalachian  chiiin  and  the  Rocky  Mounfauis  lies  the 
great  valley  of  the  Mississippi,  having  a  width  of  30°  of  longitude,  in 
which  space  the  Ozarh  Hills,  Mng  to  the  westward  of  the  river,  are 
the  only  eminences*  having  a  mountainous  character;  but,  were  the 
general  slope  extended  without  excavation  across  the  valley,  their 
(lunmits  would  not  rise  above  its  plane.  The  axis  of  these  hills  is 
Jlel  to  that  of  the  ,\lleghanies. 

On  the  north  side  of  the  St.  LawTence  basin,  there  is  a  formation 
of  gneiss,  granite,  trap  rocks,  and  conglomerates,  flaiikei!  on  both  sides 
with  Silurian  deposits,  which  does  not  rise  into  a  mountain-chaui,  but 
which,  runnbig  nearly  parallel  to  the  line  of  great  lakes,  forms  the 
brim  of  the  basin  and  the  watershed  between  it  and  Hudson's  Straits 
and  Bay  and  Lake  Winipeg.  From  Lake  Superior  northwards  the 
western  boundary  of  this  formation  takes  a  course  of  North  .'J0°  West, 
and  may  be  traced  for  IGOO  geographical  miles  up  to  Coronation 
Gulf  in  the  Arctic  Sea ;  and  it  conse<iucntly  inclines,  though  slightly, 
towards  the  axia  of  the  Rocky  Moimtnins,  the  intervening  space  nar- 
rowing considerably  as  we  advance  northwards. 

This  formation  is  huiniiiocky  rather  than  hilly,  and  its  summits  do 
not  jiass  Ijcyoud  the  plane  of  the  general  eastern  slope,  or  at  least 
rery  rarely,  although,  when  seen  from  the  lake-basins,  they  occa- 
Bouolly  assume  an  alpine  character. 

Of  the  forty  degrees  of  latitude  between  the  Gulf  of  Mexico  and  the 
Arctic  Sea,  the  valley  of  the  Mi8sissip})i  occupies  about  one  half,  and 
the  river  has  a  descent  from  its  source  in  Lake  Itasca  of  1500  feetf. 
Now  the  lake  lies  between  JOO  and  (iOO  miles  from  the  highly  inclined 
base  of  the  Rocky  Mountains,  which  has  an  altitude  of  2.")00  feet,  and 
consequently  one-third  of  the  descent,  were  it  equable,  being  accom- 
plished at  Lake  Itasca,  the  height  of  the  district  in  which  the  river 
rifles  would  be  1 600  feet.  The  sandy  eminences  {hauteurs  de  terret) 
near  the  lake,  do  not  in  fact  rise  perceptibly  above  this  height. 

Proceeding  northwards  from  tlie  sources  of  the  Mississippi,  we  have 
a  space  between  the  46th  and  aCth  parallels,  in  which  two  great  rivers 
flow  transversely  and  cross  the  low  intenncdintc  granite  and  gneiss 
formation  above-mentioned  in  their  course  to  Hudson's  Bay. 

•  The  highlandf  in  the  northern  counties  of  the  State  of  New  York  are  outliers 
Fthe  Alleghanies  similar  to  tlte  projection  towards  Illinois  at  the  south  end  of 
^e  chain,  making,  with  the  Ozarh  HilU  and  Lake  Superior  rocks,  fragments  of  a 
basin, 
t  More  exactly  I49U  feet. 
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Still  farther  nortli  the  Mackenzie  drains  seventeen  degrcM  of  lati- 
tude, and  takes  a  eoiirse  directly  upj>osite  to  that  of  the  MHMrip|ii. 

Now,  referring  tn  the  map,  and  begiunine;  with  Lakot  m**^(p", 
Iluron,  and  Superior,  we  can  trace  a  chain  of  lakes  that  suecMd  i 
other  in  a  line  parallel  to  the  Uocky  Mountains,  or  more  nearly 
haps  to  that  of  the  strike  of  the  granite  and  g:netxs  formation. 
Rainy  Lake,  Lake  of  the  Woods,  Lake  Winip<-g,  Dew  Jjikr,  Wc 
laston  Lake,  Atlialiastra  Lake,  Great  SUve  Lake,  and  <>n:at 
Lake,  with  LiTery>ool  and  Franklin  Bays  on  the  Arctic  ciiost.     Al 
these  (except  the  two  bays)  arc  excavate<l  in  Silurian  strata  with  ( 
end  numing  in  among  the  granite  and  gneiss  rooks. 

The  Saskatchewan  or  Nelson  River  and  the  Churchill  Riter  i 
right  angles  nearly  to  the  fine  of  lakes,  crossing  tiie  grauit«  ud 
formation,  and,  if  we  examine  the  lake-basins  individually,  we 
find  that  often  they  take  the  same  direction.     For  iiwtaiun;,  if 
take  the  most  northern  lake-basin,  Great  Ik-nr  I,ake  and  Coiauitiam^ 
Gulf,  we  find  their  axis  to  be  about  north-east. 

The  next  in  succession.  Great  Slave  Lake,  viewed  in  CDnjiiiwtiiM 
with  the  valley  of  the  Great  Fish  River,  is  ratlier  more  ncarlr  at  i 
angles  with  the  channel  of  the  Mackenzie. 

Athabas<'a  Lake,  with  the  large  sheets  of  fresh  water  which  < 
themselves  into  (.'hesterfield  Inlet,  have  a  similar  direction. 

More  to  the  south,  in  the  intenal  between  the  gruat  N.N.W. 
S.S.H.  valleys  of  the  Mackenzie  and  Mississiuni,  therv  is  a  chanp',  tk 
axes  of  the  lakes  rumiing  along  the  line  ot  jiuictiuu  of  the  :" 
with  the  gneiss  and  granite  rocks,  while  the  rivers  flow  tn 
and  nearly  parallel  to  the  more  northern  luke-bosius. 

This  parallelism  is  preserved  by  the  River  St.  Lawmicr,  ha  I 
and  up  to  the  west  end  of  Lake  Erie  ;  but  Lakes  Ilurao, 
and  Superior,  taken  in  the  aggregate,  make  the  northrrni 
to  the  axis  of  the  Rocky  Mountains.     The  whale  waters 
St.  Lawrence  valley  is  iu  fact  bent  round   the  gnrtaa  mi 
fonnatiou   above-noticed,  and  which    sends   out  a  pmjrctinK 
between  I^kes  Iluron  and  Ontario  at  the  place  of  Heimv. 
southern  brim  of  this  basin,  except  at  the  New  Yorit  kMrfaUmk,  i 
low,  so  that  easy  canal  commuuications  with  tlie  MiiMMmu  '^"- 
have  been  established  at  various  places,     The  baaitu  of  tbc 
themselves  and  their  southern  borders  are  suok  in  tht  strata  of  I 
Silurian  or  Carboniferous  series. 

Perhaps  the  instances  I  have  adduced  will  scnrv  to  show,  thatl 
mat  lines  of  fracture  cross  the  cnntineut,  cuttinf;  tach  otlwrj 
targe  angle,  ap]iroaching  to  a  right  angle,  and  that  onr  uf  tin 
prMcrves  a  parallelism  to  the  gneiss,  granite,  trap,  and  i 
formation  which  lies  between  the  R4)cky  Mountain*  and  the 
ghaiiies,  and  in  its  course  northwanl  incline*  a  little  to  the  I 
In  an  account  of  my  late  jouniey  through  the  i  r^w  ia  II 

press,  I  slinll  offer  furtlier  JetaiU,  and  enter  nion   ■  the  phy-l 

sical  geography  of  the  continent.     In  the  mean  Iil.l  1  >luUJ  fce  | " 
if  this  short  notice  elicits  opinions  from  gentlemen  murr  cnnT 
with  the  science  of  geology  than  I  am,  and  more  ablr  to  judfr  oltk 
iM-ahng  uf  such  intestigatious. 


I;. 


LAKE 
ST  JOHN 


l) 


■4 

T       ■ 
;  ■• 

- 

\, ■ 

.:..i^. 

Ji. 

■I  = 


BIG«BY  ON  CANASTAM  ERRATICS. 

I  shall  merely  atld  that  the  United  States'  geologists  have  shown, 

that,  as  we  ascend  the  eastern  slope  of  the  continent,  the  superficial 

formations  are  more  recent.     We  pass  from  the  Silurian  strata  of 

l>ake  Ontario,  to  the  Carboniferous  series  south  of  Lake  Erie  and  in 

the  peninsula  of  Lake  Uuron  ;  and  wlien  we  come  to  the  prairie  lands 

along  the  Missouri  and  Arkansas,  Chalk  fossils  occur  in  abundance 

to  nearly  three  thousand  feet  above  the  sea-level.     Higher  than  this 

lly  some  thousands  of  feet,  at  various  localities  along  the  base  of  the 

piocky  Mountain  chain,  Tertiary  lignite  formations  occur,  containing 

Idicotyledonous  leaves.     It  would  appear  that  the  country  bordering 

Bn  the  Rocky  Mountains  was  the  latest  deposited,  and  tliat  that  chain 

the  most  recently  elevated  of  theniouutain  ranges  in  the  continent. 


3.  On  the  ErraYics  o/" Canada,     By  John  J.  Bigsby,  M.D., 

F.G,8. 

The  follouing  notes  on  the  Drift  and  other  snpcrficial  detritus  of  the 
Great  Canadian  Lakes  and  of  certain  portions  of  South  Hudson's 
^■Bav  are  laid  before  the  Society  with  the  intention  of  extending  north- 
^B  ward  and  westward  the  obsenations  made  on  these  points  by  Messrs. 
"  Hitchcock,  Hall,  Mather,  and  others  in  the  northern  parts  of  the 

United  States. 
^L      An  essay  is  not  intended ;  the  author  merely  offers  his  own  pcr- 
^P  flonal  notices,  as  written  down  on  the  spot.     At  the  end  of  the  Paper 
a  few  remarks  will  he  offered. 

It  will  not  \\K  necessary  to  describe  these  countries  topographically, 
aa  the  accompanying  Map,  PI.  XIV.,  will  deliver  us  from  anything  so 
tedious. 

I  shall  begin  with  the  Lake  of  the  Woods,  and,  proceeding  east- 
Lvardly,  successively  note  down  my  observations  on  Lakes  Superior, 
[Huron,  Erie,  and  Lake  Ontario. 

Jjake  of  the  Woods. — The  lake  of  the  Woods  lies  3C0  miles  north 
of  Lake  Superior,  and  about  1 7(t  miles  south  of  Lake  Winnepeg,  with 
which  it  communicates  by  the  great  river  of  that  name.  It  is  .100 
miles  round ;  and  is  severed  into  two  nnequnl  parts  by  a  great  pro- 
montorj'. 

The  rocks  of  the  northern  portion  of  the  lake,  called  "  Kaminitic," 
L»re  wholly  raetamorfihic.     Granite  and  gneiss  occupy  its  west  shore 
p-and  neighbouring  crowds  of  islands,  while  syenite  and  greenstone  pre- 
vail on  its  eastern  and  suuthent  sliores. 

The  larger  and  southern  division  has  few  islands,  except  on  the 
north  njid  east,  where  they  consist  of  primitive  rocks.     The  rest  of 

I  the  lake-shores,  with  little  exception,  are  buried  in  fine  sand,  and 
hence  its  Indian  name  "  The  Lake  of  the  Sand  Hills."  On  the 
southern  and  western  shores  of  Stuid  Hill  Lake,  where  the  sand  has 
Ibccn  removed,  we  have  a  few  low  mounds  of  gneiss  and  a  large  quan- 
^ty  o4'  yellow  limestone  debris,  either  in  small  angular  grits,  or  ui 
■harp-edged  blocks,  some  of  which  are  several  tons  in  weight ;  bnt 
in  no  instance  could  I  be  sure  that  they  were  fixed ;  nevertheless  my 
belief  is  that  these  masses  are  in  place  ;  but  split  and  shaken  by  thaws 
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or  moving  ice.     The  main  and  isles  of  Lake  Kamiiiitic  bong  ] 
pally  of  rock  and  marsh,  I  did  not  notice  oq  it  any  CerTM«a. 
ings  of  soil,  clay,  and  sand  exist,  but  they  are  scaotj.     It 
iu  my  power  to  examine  them. 

The  shores  and  inles  are  loaded,  more  or  less,  with  iimiwri  of  [ 
mitivc  rocks  from  I  to  20  feet  long,  and  in  various  sUUM  of  at-' 
tritiou  ;  some  as  if  freshly  detached,  others  much  rounded,  altlwafk 
of  hard  materials.  These  boulders  are  of  grey  gnciM,  varioQC  gE»- 
nites,  hornblende-rock,  mica-slates,  greenstone,  aiiui  gntitttoam-fm- 
phyries,  with  red  and  white  felspar,  and  almost  every  ruirtr  of 
primitive  rock ;  but  a  careful  search  could  not  detect  n  »inf  Ir  hw^ 
ment  derived  from  the  southern  or  Sand  Hill  portion  of  the  lake. 

'nifse  primitive  boulders  mostly  come  from  the  rivrr  ^^lnIlepq|^  1 
&c.,  on  the  north*.    In  a  few  instances  I  traced  Uiem  to  llietri 
rock  within  the  lake. 

They  all  lie  naked,  and  stranded,  as  it  were,  without  ai^  ''f*' 
larity  in  heaps,  here  and  there,  on  isle  and  mainland.     Some  at  ut 
very  largest,  wi-igliing,  by  guess,  a  hundred  tons  each,  mo 
the  points  of  greatest  elevation. 

.\s  to  the  southern  part  of  the  lake,  its  northrni  and  nortt 
water-margins  are  defended  with  innumerable  blocks  (as  in  Lrikftl 
Kaminitic)  ;  ranging  from  1  to  20  feet  in  length,  and  somrtiimt*  10 
feet  high ;  seldom  rounded ;  some  in  the  water,  and  uthrrs  on  t)K 
beach,  more  or  les-s  buried  ui  gravel  and  sand,  both  which  abountl  hrrr 
far  more  than  in  Lake  Kaminitic. 

Tliere  is  a  longish  strait  near  to,  and  north  of.  Turtle  Portage,  who* 
north-west  side  is  faced  (|)la8tered,  as  it  were)  with  grey  clayer  emOt 
and  boulders  to  the  top  (UtO  feet)  ;  but  units  suutii-eaat  aicle  Umi* 
are  no  boulders,  only  a  little  clay. 

Hie  same  thing  occurs  in  the  first  narrow  east  of  this  Portage;  lad 
again  in  a  »trait  six  miles  to  the  south.«ast;  the  bookkn  biiaKiB 
extraordiuHry  (juanttties, — granite,  gneiss,  and  gneaMuf-fOtyhyiim. 

A  solitary  mound  of  gneiss,  six  miles  ftwm  shorr,  N.W.  of  iW 
river  Ial  Pluio,  carries  a  sort  of  rocking-stono  almost  as  large  m 
itself,  but  not  of  the  same  kind  of  gneiss.  The  snutbrm  ami 
shores  are  skirted  by  low  hillocks  of  loose  land,  with  ruuiMicd 
angular  blocks  in  front,  ami  lagoons  in  the  rear. 

This  is  partictdarly  the  case  with  the  S.W.  ahona,  whm  thai 
waters  are  shallow,  and  landbig  made  difficnlt  by  the  quantitr  «|f 
boulders  lying  on  and  about  the  beaches,  while  li^^ns  aiul  lans' 
choked  with  reeds,  extend  westward  from  SO  to  100  mibo, — to  tke 
Buffalo  Plains  in  fort.   The  sand-bank»  here  contain  no  erratic  I 
except  at  one  yhux  to  the  east  of  Reed  River.     They  do  not 
to  be  stratititil. 

These  ouuih  and  west  sluires  liad  but  little  mixed  gravrl  or  pehUr^ 
hut  almost  everywhere  there  lies  dry  on  the  bcKfa  atnw-eolnaMi, 
clouded,  red  aii(f  white,  chertzy  limestone  in  fluMiiiti,  froa  a  MMe 
of  mere  dust  tn  angular  uuuaea  weighing  a  ton  each.  Thif  CaBMaae 
in  fVdl  of  organic  rcmaiua  characteristic  of  the  upper  portiaB  of  the 

*  Keating.   Lon^iTraveli  to  the  Soarect  nf  the  St.  (Via.  voL  a.  rfc  HOLIIK 
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Silurian  System,  according  to  Mr.  Logan,  who  had  the  kindness  to 
examine  some  of  my  specimens. 

On  the  west  mainland,  a  little  north  of  Monument  Bay,  there  is  an 
island,  which  is  almost  connected  to  the  main  by  an  immense  depot 
of  primitive  boulders,  principally  foreign  to  the  lakes  ;  while  its  eastern 
end  is  ui  deep  water. 

The  points  to  be  noticed  in  the  Lake  of  the  Woods  arc— the  abun- 
dance and  universality  of  primitive  travi-lled  blocks, — their  northern 
origin. — the  total  absence  of  calcareous  erratics  on  the  north, — and 
the  large  sand-beds  in  the  southern  part  of  the  lake. 

There  may  be  strife  and  scorings,  but  they  did  not  attract  ray 
attention  here  as  they  did  in  the  Canadas. 

Rwer  and  Lake  La  Pluie. — M'e  now  proceed  to  the  beautiful  river 
La  Pluie.  This  river  flows  westerly  for  eighty-five  miles  out  of  Lake 
La  Pluie,  and  pours  into  the  Lake  of  the  M'oods  near  long.  95"  W. 

It  passes  through  a  level  or  ratiier  undulating  countr}',  with  banks 
varying  from  5  to  50  feet  in  height,  witii  terraces  here  and  tiiere, 
although  rarely  :  these,  however,  the  luxuriant  forests  only  permit  to 
lie  seen  for  short  distances. 

Throughout  the  whole  length  of  the  river  La  Pluie,  its  banks  ex- 
pose a  grey  clayey  and  loamy  soil,  full  of  small  angidar  fragments  of 
the  yellow  limestone  iif  the  Lake  of  the  Woods,  intermixed  occiuiion- 
ally  with  round  lumps  of  gueiss,  from  the  size  of  the  fist  to  that  of 
the  head.  I  saw  no  marks  of  stratification,  uor  any  marine  or  fresh- 
water shells. 

The  limestone  waa  sometimes,  as  just  below  Fort  La  Pluie,  so  plen- 
tiful and  fine  as  to  form  a  conglomerate  rock  with  a  calcareous  paste 
and  nodules  of  primitive  rocks ;  while  close  to  and  below  the  river 
Boudet  the  liuKv-itone  masses  have  concreted  Uito  a  hard  breccia, 
without  the  [)riiriitive  nodules.  There  are  not  many  primitive  botdders 
■lying  exposed  on  the  river  La  Pluie  ;  but  they  are  in  great  numbers 
ftt  tlie  Long  Saidt  and  Manitoii  lla]iidrt, — obstructed  points  in  the 
river,  where  sand,  gravel,  drift-wood,  ajid  large  boulders  of  trap,  &c. 
^luTC  greatly  accumulated,  .\longthe  Manitou  Rapids  and  elsewhere 
Ire  see  a  good  deal  of  jiure  clay  in  the  banks. 

It  may  be  safely  concluded  from  reasons  not  necessary  to  be  men- 
tioned here,  that  the  Sandhill  |)ortion  of  the  Lake  of  the  Woods  and 
a  considerable  region  around  the  river  La  Pluie  form  one  great  lime- 
stone basin.  By  far  the  larger  part  of  the  sujH'rineumbent  detritus 
is  native,  while  the  foreign  comes  from  the  north, — not  from  the 
south,  witli  whose  rocks  1  am  tolerably  well  actjuaiiited. 

Rainy  Lake,  1 160  feet  above  the  level  of  the  sea,  300  miles  round, 
but  of  a  most  irregular  shape,  next  succeeds  on  our  route  southwards 
towards  Lake  Su[)erior. 

For  a  few  miles  roiunl  the  mouth  of  the  river  La  Pluie  we  have 
the  yellow  calcareous  debris,  before  spoken  of,  in  large  quantities, — 
one  mass  1  saw  weighed  more  than  a  ton ;  but  on  entering  further 
into  the  lake  we  see  no  more  of  it. 

I  ohsen-ed  no  terraces  in  Lake  La  Pluie  ;  the  general  level  being 
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low,  except  on  ihc  N.E.,  and  its  s)ior«*  nsiudly  manlica  or  strnkea 
mouiids  of  rock. 

But  (juartzy  sand,  with  and  without  primitiTC  pebbles  and 
of  gravel,  or  beaches,  were  not  entirely  wanting;  the  Mnd  is  i 
and  gritty,  and  reddish  yellow,  as  in  nio«t  of  the  small  iakca  betwcMi 
this  and  Lake  Superior.  ' 

Boulders  are  general  and  very  large,  some  weighing  tonj,  iaeife< 
rately  n^undi-d,  and  often  angular.     Those  of  the  Lake  of  the  Wo 
are  sometimes,  but  not  often,  seen  here  ;  but  these  mostly  belo 
tlie  lake  itself,  and  consist   of  grey  gneiss  (with  staurolide),  ' 
granite,  trap,  greenstone-slate,  greenstone-congloineratc  (the  na 
being  primitive),  very  much  mica-slate,  large-grained  8Teait49^] 
huriibtende-rock  ;  most  of  these  rocks  occur  in  the  fixed  state  [ 
lake,  and  especially  at  the  north-east  end. 

These  deposits  hang  iifion  the  lake-shores  without  any 
stratification,  and  seem  to  belong  to  the  presejit  system  uf  tK»wgt7 

Laif  Lacroix. — I  merely  crossed  over  this  lake — the  nest 
body  of  water.     It  ii  full  of  islands,  and  did  not  exhibit  uu  its  i 
much  detritus  ;  but  it  is  fertile  in  jmrts.     Most  of  the  larger  i 
are  angidar  and  often  many  feet  long  and  broad.     They  aiv  n 
lake  and  may  be  called  home-erratics  ; — conaisliiig  of  aUin  of  i 
slate,  greenstone-slate,  and  various  granitoids. 

From  Lake  Lacroix  to  Lake  Superior,  a  distance  of  1 77  miks,  n4 
opportunities  for  observation  were  \cry  scanty.  I  was  hurried  akM 
narrow  watercourses,  marshes  of  wild  rice,  through  liliAllow  lakca,  or 
extensive  sheets  of  water  traunded  by  basalt  sIojk-s  and  pnviiticc*.  | 
noticed,  however,  that  ohnost  imiversaiiv  all  the  ohstnictioiM  to  Ad 
wnter-wav,  such  as  uurrows,  shallows,  and  cascades,  were  CDCVIIibacJ 
witlt  boulders  and  gravel. 

Laket  La  Croche  ami  Keteffonai/a. — In  Ijike  La  Croche  thnwa 
Imnks  of  brown  sand  an<l  clay,  with  Inrge  primitive  bhxrks,  aumetiatd 
so  white  and  large  as  to  look  like  a  group  of  white  Canadian  he 

Seven  miles  from  the  Upfwr  Portage  of  this  lake,  there  is  k  i 
water  narrow,  only  thirteen  yards  wide,  so  dioked  up  with 
boulders,  probably  native,  that  our  cauoe  could  barely  work  thr 
them.  Of  this  mter\'al,  therefore,  I  shall  oidy  say  a  few  w 
Throughout  I^ke  Keseganaga,  a  large  body  of  water  (long.  91* 
far  as  I  saw,  the  soil  is  two-thirds  com|H>scJ  of  verr  cmaU  pi  ~ 
pebbles,  intermixed  with  pale  brown  clay,  sand,  and  angohr  i 

At  and  about  the  Fall  of  Small  Fine  Hocks,  very  man?  I 
of  impure  honibleude,  quite  angular,  are  found  lying  on  [ 

On  the  top  of  the  trappose  precipice  overtimkinc  Ovta 
1 2()()  ftH-t  al)ove  the  level  of  the  sea,  I  found  a  UrgrUock  of  i 
but  litlh  rolled. 

North  of  the  Grand  Portage  I  never  met  with  an  rrratir  (ma  LaIm 
Superior.  On  the  summit  level  of  that  Portage,  bowevrr,  are  tmal' 
immense  blocks  uf  amygdaloid,  similar  to  that  of  the  Vift  FlM  t€\ 
Lake  Superior. 

Lake  Sujirrior,     Loote  Detritus  of  North  SAof  — W. 
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,     on  to  remark  in  some  detail  on  the  loose  materials  of  the  north  shore 
of  Lake  8u)>erior, — a  body  of  water  occupying  a  crescent-shaped 
trough,  1700  miles  round,  420  miles  long,  by  163  miles  in  its  greatest 
^m  breadth.     Prof,  .^gassiz  is  of  opinion  that  it  owes  much  of  its  present 
^P  size  and  form  to  successive  eruptions  of  basalt.     \ta  surface  is  623 
"  feet  above  the  sea*.     By  far  the  greater  part  of  its  debris  is  strictly 
local ;  a  second  part  belongs  to  a  distant  part  of  the  lake,  ranging 
from  two  to  eighty  miles  ;  while  a  third,  the  distant  or  foreign  erra- 
tics, comes  from  the  granitoid,  trajipose,  and  Silurian  regions  of  the 
north  ;  much  of  it  from  the  first  -lUO  miles  north  of  Lake  Superior, 
These   large,  somewhat  angular,  foreign  boulders  do  not  often 
meet  the  eye,  because  nmch  of  the  north  shore  of  this  lake  is  rock- 
bound,  it«  beaches  narrow,  and  its  waters  deepen  rapidly,  wliile  the 
adjacent  country  is  steep,  and  its  confined  valleys  are  loaded  with 
moes  and  other  vegetation. 
The  lip  or  margin  of  the  south  shore,  on  the  contrary,  is  compara- 

■  lively  low,  and  the  region  around  rather  level,  some  of  its  greatest 
elevations  at  the  water-side  being  high  sand-hills,  formed  by  the  pre- 
Taihng  winds  from  the  friable  sandstone  of  the  south-east  oi'  the  lake. 
The  debris  which  can  be  traced  home  on  the  north  shore  of  Lake 
Superior  is  in  great  quantity,  and  is  either  large  ("blocks  from  1  inch 
to  15  feet  long)  and  lying  naked  more  or  less  profusely  on  the 
beaches,  or  it  is  sand  and  grit,  forming  horizontal  deposits  of  great 
thickness,  which  border  the  lake  and  its  tributary  streams  hi  the  shape 
^Kof  terraces,  and  which  enwrap  the  neighbouring  hills  in  level  plains, 
^Plometimes  small,  at  others  extending  many  miles  in  every  direction. 
We  will  first  speak  of  the  detritus  at  the  water's  edge  ; — beginning 
at  the  Grand  Portage,  the  most  westerly  point  of  Lake  Superior  with 
which  I  am  actjuaiuted,  and  442  miles  from  the  Straits  oi  St.  Mary 

I  leading  into  Lake  Huron. 
At  the  Grand  Portage  the  beach  is  strewn  with  various  traps, 
Knygilaloids,  red  and  brown  argillaceous  porphyries,  masses  of  baked 
day,  or  coarse  jasper,  red  and  white  sandstone  (the  last  traceable  to 
■  locaUty  six  miles  distant  to  the  N.E.),  clay -slate  with  veins  of  quartz 
and  atiicthyst,  chert,  and  some  limestone.  Fixed  rocks  exactly 
similar  to  these  are  found  at  Nipigon,  &c.,  on  the  E.N.E. ;  but  the 
detritus  may  possibly  have  come  from  Isle  Royale.  It  may  be  here 
remarked,  that  these  boulders  have  travelled  trom  the  N.E.,  contrary 
to  the  prevailing  winds  and  to  the  existing  lake-current.  The  iron- 
bound  coast  from  the  Grand  Portage,  for  sixty  miles  eastwards,  to 
near  the  Mammellcs,  for  the  most  part  merely  exhibits  sharp-edged 
fragments  of  the  trappose  sub-rock. 

The  beaches  of  the  numerous  isles  of  the  MammcUes  are  loaded 
with  large  traps,  indurated  red  sandstone,  and  n  pale  limestone  (Silu- 
rian) rolled  into  balls  of  from  3  to  8  inches  in  diameter.  All  this 
detritus,  excepting  the  limestone,  is  from  the  vicinity, — from  the  north 
or  north-cast ;  limestone  is  not  known  to  occur  in  titu  ou  the  north 
shore,  except  at  Thunder  Head. 

*  The  tnie  height  of  Lake  Su|ieriur  is  600  feet  above  the  tea,  according  to  Mi. 
Loean. 
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In  the  Pays  Plat,  my  notes  seldom  speak  of  foreign  erratics.    Moit 
of  the  loose  rocks  are  from  localities  in  a  N.E.  direction  pear  at  I 
or  not  more  than  fifty  miles  from  home.     They  are  peculiar 
easily  recognised ;  couiiistiug  of  various  porphyries,  pudding-i 
with  nodules  of  primitive  rocks,  dense  porcelain-like  sandatomr,  and 
Silurian  limestone  (hoth  associated  with  amygdaloid). 

The  Pays  Plat  contains  several  bare  dat  terraces,  a  mile  or  mart 
in  diameter,  with  some  very  distant  erratics  and  drifted  trees  M«ttcrHl 
upon  them. 

Where  the  sub-rock  is  a  dark  amygdaloid,  the  beacbea  are  rmlj 
black,  with  a  few  stray  blocks  upon  them  ;  where  it  consist*  of  por> 
phyrv  or  sandstone,  v/v  have  a  brighter  or  darker  red, — the  lii 
division  being  abrupt  and  striking,  far  more  so  than  would  be,  if  I 
were  tides  or  currents  in  this  lake.  The  large  debris  at  the  wate 
edge  of  the  mainland  opposite  the  Slate  Islands,  ne«r  the  Blnck  Hiter, 
for  some  miles  east  and  west,  is  com^tosed  of  traps,  red  griutitr,  »yt- 
nite,  and  quartz-rock,  with  finely  granular  limestone,  very  silu-t-oj 
white,  and  fossiliferous.  If  this  limestone  be  not  from  the 
where  there  is  plenty,  it  may  form  reefs  in  the  depths  of  the  I 
The  beaches  of  the  syenitic  district  north  of  Peek  Kiver  are  largely 
strewn  with  blocks  of  hypersthene,  from  the  vicinity. 

For  fitWii  or  twenty  miles  on  each  side  of  tlir  Otter's  Urad  (a 
well-marked  B|>ut),  by  far  the  hirgcst  ]uirt  of  the  detritus  un  or  near 
the  beach  is  native,-  if  we  except  the  limestone  n\>o\e  refcrrrd  to. 
It  is  idmost  whoUv  derived  from  the  imperfect  grey  granite  and  Uk 
numerous  trap-dvkes  of  this  vicinity. 

From  Otter's  ilead  along  and  across  the  great  Itay  of  Alichipieotn 
to  Ca|x-s  Maurepas,  Choyyt',  and  (iargantua,  the  shore*  are 
monly,  but  not  always,  too  steep  to  allow  of  rvetiuf^placea  for  ' 
dering  rock-masses. 

Such  as  I  noticed  had  not  travelled  far.  South  of  iiarsanlua 
Point,  an  amvgdaloidal  dislrict,  wc  fall  in  with  the  various  ouloarNl 
sandstones  of  the  region  in  some  profusion,  with  a  few  amygdaloiili^ 
traps,  &c.,  M  before. 

One  mill-  S.K.  of  Gravel  Hiver  I  landed  and  found  tile  la^vr  debris 
to  \yc  principally  gneiss  and  greenstone,  veined  with  granite  or  felspar 
(founil  in  the  vicinity), — the  amvgdnloids  and  (Niqthyrini  having  dis- 
appi-ared,  the  latter  indeed  for  tjie  but  KHI  or  more  miles. 

In  the  great  bay  of  Iluggewong,  the  luost!  masses  on  tlie  bearll  ait 
principally  the  native  white,  slightly  laminated,  granite. 

In  this  neighbourluHHl  I  met  witu  a  singidar  freak  uf  nature;  via. 
a  handsome  fir-tree  growing  on  the  tlat  upper  surface  uf  a  very  ^nff 
block  of  cunglumomte  (from  Marnioau*  on  the  uortli),  itiilf  stanifa§ 
ujmn  four  boulders  uf  gmnite. 

The  bny  next  to  Itateheuine  is  lined  with  debris  of  white  hod- 
sontal  )uuid.<itone  (IVitMlam) ;  its  ledges  fonuiog  the  {uvJMUng  pnsali 
of  the  indent.t. 

RAtrhewine  and  Uoiilnis  Bays  being  rloM  to  tlw  AooU  or  liMiuas 
h-ading  to  the  river  St.  Mary,  a  roiisidtfabk  chaqgv  Ukn  placr  ia 
W  drintuii  on  their  Uachrs  ;  which  are  plentifully  ftrtwn  whh  laffc 
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(ulders,  one-half  of  which  are  trap,  the  remainder  being  browii  aiul 
■cctiish  amygdaloids,  browii  and  green  porphyries,  granite,  gneiss, 
5per-pudding-8tone,  greenstone-conglotnerate,  horablende-rock,  and 
dstone, —  all  directly  traceable  to  the  north  and  east*. 
St.  Mary's  River,  on  its  left  side,  is  faced  with  coarse  ferruginous 
,nd-banka  (derived  from  the  sub-rock),  with  trap  and  sandstone 
ilocks  on  Pine  Point. 

The  Rapids  or  Falls  of  St.  Mary  are  surrounded  with  great  collec- 
lons  of  travelled  rocks,  both  on  the  Canadian  and  the  .Vnierican  sides 
f  the  river.  The  chief  are  gneiss,  greenstone,  granite,  jasper-[)uclding- 
tone^  mica-slate,  greenstone,  porphyry,  conglomerate,  and  angular 
asses  of  the  sub-rock  (Potsdam  sandstone).  I  saw  one  piece  of 
he  La  Cloche  crystalline  quartz-rock.  The  sjnall  bays  and  coves 
d  the  river  itself,  above  the  Falls,  are  crowded  with  these  erratics. 
BedJed  DetritiiJi  of  the  N.  Shore. — Although  it  be  true  that  much 
f  this  north  border  presents  only  precipices,  rugged  steejis,  and 
orae-shaped  hills,  varying  in  elevation  from  100  to  MOO  feet  above 
he  lake,  swept  bare  by  arctic  winds,  or  washed  by  melting  snow, 
vertheless  in  their  intervals  we  find  arenaceous  and  argillaceous 
posits  in  large  areas  for  100  miles  iidund  (according  to  our  present 
Loowledge).  and  bearing  thin  forests  of  pine,  birch,  and  pojdar. 

These  deposits  also  face  the  lake  in  the  shape  of  bare  earth-banks 
nd  terraces.  They  are  all  the  product  of  the  lake  when  standing 
higher  levels  ;  and  are  locd  drift,  deposited  most  commonly  in 
[Dies  of  disturbance,  but  not  always,  aa  we  tinil  them  stratified  in 
tfichi|»icoton,  Iliiggewoug,  and  Batchewiue  Bays.  Most  of  the 
uterials  are  from  fixed  rocks  close  at  Imnd. 

The  first  set  of  ledges  I  saw  in  travelling  eastwards  was  in  the 
I&mmelles  Isles,  consisting  principally  of  porjihyry  shingle.  They 
e  low,  not  exceethng  twenty  feet  altogether,  although  from  one  to 
t  in  uuiiiber  pa-ssing  iidand  for  one-tnird  to  two-thirds  of  a  mile, 
d  are  dotted  with  traji-boulders. 

These  are  formed  by  the  tcm[)ests  of  the  present  daj'.     Not  so, 
owever,  the  great  beds  about  the  mouth  of  the  picturesque  BUick 
tiver,   opposite  the  Slate  Islands.     At  the  lake-side  these  earth- 
inks  are  330  feet  high  (Logan),  sloping  downwards  in  the  rear,  and 
insist  of  very  small  angular  and  round  bits  of  granite,  trap,  and 
Dartz,  inil)edded  in  a  coarse  dark  browii  sand,  pressed  hard  together, 
he  granite  is  derived  from  the  disintegration  of  the  hills  of  that 
>ck  hard  by,  and  the  other  rocks  are  in  place  nigh  at  hand. 
This  (ti'jKisit  fiinns  a  plain,  naked  save  for  a  few  wretched  pines 
and,  here  and  there,  a  block  of  brown  quartz-rock  or  gneiss,  derived 
from  the  north.     It  extends  five  or  six  miles  into  the  interior  to  a 
line  of  high  bare  hills.     Along  the  lake  side  it  extends  east  and  west 
as  far  as  the  eye  can  see  from  a  considerable  elevation  ;  and  it  is  iu- 
lected  by  the  Black  River,  which  has  three  terraces  on  each  bank, 
the  middle  of  the  plain  I  found  a  pair  of  deer's  antlers  lying  on 
le  ground.     Near  the  lake,  one  mile  aud  a  half  loest  from  the 

Mr.  Login  liaa  seen  ipecimeus  orjaspcr-|iu(1iling-stone  found  in  rilu  iu  Gou- 
Bav. 
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mouth  of  the  Blnck  River,  tlie  gritty  deposit  oTrrlooks  the 
two  lofty  st&irs  or  embankments ;  but  to  tbu  ra»t  of  the 
plain  lowers  in  a  succession  of  banks,  six  in  number,  except  ii 
whore  from  occasional  coalescence  they  become  fewer. 

(••lose  to  the  river's  mouth,  on   the  east,  all  the  stain 
have  been  swept  away,  and  are  lost  in  one  gn'*t  conca** 
I'lOO  yards'  chord,  facing  both  river  and  lake.     This  feature 
the  traveller's  eye  instantly,  and  is  well  represented  in  Prof, 
late  work  on  Lake  Superior*. 

I  saw  DO  means  of  ascertaiiung  any  differenc«a  aa  to  the 
mode  of  deposition .  There  may  be  stratification,  but  I  w 
neither  Prof  Agnssiz  nor  Mr.  Logan  mentions  any,  I 
these  deposits  to  belong  to  one  long  epoch,  from  their  matcrin] 
always  in  the  same  splintered  or  pounded  state  ;  and  from  the 
in  such  large  quantity.  A  few  miles  east  of  this  (thirty-foo 
W.N.W.  from  Peek  River),  we  find  a  bay  whose  shore  rises 
by  four  ledges  of  rounded  pebbles.  These  are  sunnounted 
bonks  of  sand  and  gravel ;  the  first  rising  at  an  angle  of  at** 
height  of  2;)  feet ;  and  the  second  to  the  height  of  10  feet,— 
terrace  on  the  top,  therefore,  of  85  fi-et  elevation. 

The  shores  fourteen  miles  east  of  the  Otter's  Head,  aitd  for 
or  thirty  miles  hereabout,  present  many  liigh  banks  of  this 
materials  are  native. 

At  the  mouth  of  the  Michipicuton  River  are  extensiTe 
«and-hills,  of  which  oue  near  the  fort  is  60  feet  high,  and  is 
of  stratified  Miid  and  gravelt. 

At  Cape  Choyye  Prof,  Agassiz  found  a  bc*ch  with  fivt 
the  lowest  one  falling  steeply  into  the  water  some  20 
that  it  alone  can  be  connected  with  the  present  level 
and  the  rest  must  belong  to  former  epochs^. 

Twelve  mile^  south  of  Gargautua  commence  a  aerks  at 
citensive  deposits  of  white  siUceous  or  granitic  sand, 
northern  angle  of  Huggewoog  Bay  (seventeen  nules), 
])revails  here. 

The  bottom  of  this  bay  is  faced  with  sand-banks, 
successive  terraces  a  mile  or  two  inland,  and  are  los 
the  lake. 

The  outer  lialf  of  its  south  shore  preaents  the  same  ap{ 
but  here  the  sand  is  iutermingle<l  with  large  and  shiaII 
the  rock  of  the  district  (fine-grained  white  granite), — not 
confusion,  but  of\en  in  horizontal  layers.     Theee  banks,  I 
high,  run  out  uf  .sight  behind  the  adjacent  hills. 

Of  tlie  inter\'al  betwc«>n  Montreal  River  (where  we  h»Te 
rived)  and  St.  Mary's  River,  it  wUl  suffice  to  say,  that 
cove  or  bay  occurs,  while  the  points  are  armed  with  fix 
inner  shores  are  gravel-  or  sand-banks,  from  5  to  30  f 
Utter  always  much  mixed  witli  boulder^  and  paanng  into 

■  Lake  ^iijicrior,  it>  Phytieal  CharscUr,  Vrgeadiuu.  and  Aaimak 
AgtMU ;  with  «  Nurrati^n  of  tliv  Tour,  by  J.  Klltol  Cabot,  Ac  Hra. 
t  AgWMi.  tor.  nl.  p  (M.  :  Ue.rit.f.  if. 
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to  abut  upon  lofty  hills.  The  hoiilJers  arc  arranged  either  con- 
fusedly, horizontally,  or  in  short  interrupted  lines  at  different  angles 
with  the  horizon. 

Before  we  leave  Lake  Superior,  we  may  advert  to  the  form  of  the 
trappose  islands  of  the  north  shore  in  the  neighbourhood  of  the  Peek 
River.  They  are  in  very  low,  ohiotig  ridges,  rounded  like  woolsacks 
or  the  bikcks  of  sheep  {moulonnfe),  with  very  narrow  intervals  between 
them  growing  bilberries.  The  surface  of  these  ridges  or  mounds  is 
often  glazed  to  the  depth  of  half  an  inch. 

Fig.  1  represents  one  of  these  islands.     It  is  30  feet  high. 

Fig.  1. — One  of  the  low  bare  Greenstone  Islands  about  the  Peek, 
Lake  Superior. 


I 


a,  Uainlttnd,  roiMiiitinK  of  (>ranite  and  Syenile,  near  the  Greeofttonc  laluida  (0  mile*  off , . 
A.   Ultuid  nf  Ureciutonc,  rounded  and  moutonnfe. 

Lake  Huron. — The  rocks  of  Lake  Huron,  its  contour,  and  its  depth 
l)eing  different  from  those  of  Lake  Superior,  we  necessarily  find  the 
nature  an<l  ([Uftiitity  of  its  detritus  also  to  be  extremely  different. 

An  idea  of  its  shape  can  be  best  obtained  by  a  glance  at  the  Map, 
PI.  XIV. 

It  is  I  (K)()  miles  round  ;  and  about  the  middle  is  sometimes  1 000  feet 
deep,  being  often  shallow,  however,  along  its  northern  division.  It 
is  .5!(4  feet*  above  the  Atlantic ;  and  is  all  but  bridged  over  length- 
wise by  a  chain  of  large  islands. 

The  north  shore  of  Lake  Iluron  is  mostly  low  and  marshy  ;  sel- 
dom showing  cliffs  overlooking  deep  waters,  as  in  Lake  Superior ; 
and  its  hills  (once  or  twice  700  feet  high)  approach  the  lake  at  a 
small  angle  in  8ucces.sive  ranges  or  lines ;  ami  thus  leave  low  inter- 
vals between  them,  in  whicii  rivers  may  flow  and  detritus  accumulate. 

Its  eastern  shore  from  Penelanguishene  to  Notawasaga  Bay,  having 
Lake  Simcoe  (12,0^  feet  higher)  in  the  rear  on  the  east,  ris<«  insteps 
to  no  great  height,  perhaps  .HOll  feet,  based  on  limestone ;  these  are 
much  covered  by  sand  and  erratics. 

From  Notawasaga  Bay  to  Calwt's  Head  the  coast  displays,  first, 
ranges  of  clay  or  sand-hills,  and  then  a  series  of  limestone  cUffs. 

From  Cabot's  Head,  or  near  it,  to  the  river  St.  Clair,  a  distance 
of  140  miles,  the  south-eastern  shore  is  laid  out  chiefly  in  tall  cUffs 
of  sand  and  cUy  ;  but  of  which  I  know  nothing,  having  never  been 
nearer  than  two  miles  from  them. 

*  The  correct  height  of  Lake  Huron  above  the  sea  is  5  7«  feet,  according  to 
I  Mr.  Logan. 
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The  soutli  side  of  Lake  Ilurou,  in  tlie  State  of  Michigan.  aboun<k 
in  saud-ljanks  aiul  low  leJ^4  of  horizoutal  limestone  ;  the  ioterior 
bf  ing  low  and  undulating,  with  ridges  of  sand  and  loamy  hollows,  »• 
t<?r8jiersed  with  small  lakes :  the  region  is  very  fertile  in  iiarts. 

The  detritus  of  Lake  Huron,  like  that  of  Lake  Superior,  is  accui 
lated  principally  on  its  eastern  and  southern  coasts.  But  here 
erratic  boulders  are  evcrj'where  seen ;  and  they  abound  in  irameitar 
numbers  on  the  north  shore ;  on  this  latter  jiortion  of  the  lake* 
margin  I  did  not  see  a  single  ancient  terrace,  which  ncverthelraa  maj 
exist.  The  boulders  occupy  the  hill-sides,  beaches,  and  shallows  of 
main  and  island  ;  they  arc  little  woni,  of  the  usual  large  sixe,  and  lie 
irregularly  on  the  surface.  Their  numbers  are  great  un  tiie  matt 
western  Manitouline,  IJruniinund  Isle,  and  considerable  ou  the  Little 
Manitou. 

Blockhouse  Hill,  once  the  west  end  of  Drumtnond  Ule,  b  tht 
level  summit  of  a  slope  400  yards  inland,  behind  Ci^llier's  Ilarboor 
Village.  Eighty  or  a  hundred  feet  above  the  lake,  Jiisl  whcR  tW 
slope  rises  into  a  perjHMuUcular  ledge  of  limestone,  it  ia  tUtwa 
large  primitive  boulders,  but  little  rolled  ;  and  the  vilLagr 
rendered  almost  inifiassable  by  blocks  from  4  to  1 0  fert  long,  all 
many  have  been  removed.  They  are  principally  Itx^l,  bat 
them  we  see  much  syenite,  trap,  quartz-rock,  and  acme 
pudding-stone; — all  from  the  N.  and  N.N.E. 

The  higher  grounds  of  tlic  contiguous  ManitouUue,  almut  tbe 
middle  of  its  northern  side,  are  ru^ed  with  these  some  primitiiv 
erratics. 

On  the  sides  of  the  steep  slope  forming  the  soulli  point  uf  St.  J» 
seph  Island,  there  are  the  remains  of  successive  bells  of  water-wotn 
erratics  of  large  sire,  one  above  another,  with  a  few  yards'  iut«Tial 
between  each.  Besides  these,  many  blocks  are  scattertti  about  iu  the 
vicinity.  The  same  occurs  eight  miles  to  tbe  east,  in  Wonley  ^y> 
near  the  south-east  {loint  of  the  island. 

Between  St.  Joseph  and  the  False  Detour,  and  pcrhapa  four  nOa 
from  the  latter,  is  an  island  called  in  the  map  of  the  American  BoB>* 
darr  Commission,  High  (Mitf  Island,  one  of  a  group.  (>n  tbemiiaMk 
of  this  cliff  (which  is  lOU  feet  high,  and  consists  of  fine  piaiiiihi 
sandstone),  Col.  Uelatield  informs  me  there  is  a  nage  nf  watrr-wora 
8tone«,  mostly  limestones,  traps,  and  quartz-rock,  regularly  stmra, 
as  (m  a  beach,  for  '200  feet  in  length. 

These  instances  of  the  remains  of  ancient  de|xwits  might  be  gmtlj 
mnltiplinl.  as  tliey  are  very  usual  in  this  lake,  whm  the  vrgetatiaa 
]H-nnits  them  tu  be  seen.  The  debris  crowning  the  heights,  or  Itanf^ 
iiig  on  the  h1(>|h-s,  of  this  {)art  of  Lake  Hurun,  is  almuat  altocctlicr 
gnrLts,  syenite,  and  trap:  derived  not  from  the  S.,  but  from  Uke  N. 
and  N.S.H. ;  for  no  »uch  rocks  exist  iu  a  aoutherlr  directioa  Ibr 
20U0  milci,  if  we  except  the  Alleghanies,  which  are  themMtrM  tttj 
remote.  I  cannot  (hstinguish  this  debris  from  the  fixed  rock*  on  lor 
north  of  Lake  Ilurou,  and  towards  and  in  Lake  Nipiaaing, 

The  high  cliff's  of  the  main  in  the  narrows  of  PclletMiaraof  coanr 
rei-nstune-slatr  and  greenstone-conglomerate ;  bat  the  uahet  u  wa 
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shivered  and  disintegrated  by  alternate  ttinw  and  frost,  that  it  is  not 
easy  without  tools  to  get  at  the  rock  below. 

This  state  of  things  is  somewhat  unusual  in  Lake  Huron,  for  the 
primitive  ro<:ks  are  ordinarily  sound,  ot\en  highly  polished  and 
rowadt'J  Uke  woolsacks. 

In  these  narrows,  which  arc  about  a  mile  wide,  we»see  that  each 
shore  is  lined  exclusively  with  its  own  debris. 

The  loose  masses  on  the  north  side  of  Lake  Huron  belong  in  the 
greater  prcportion  to  the  immediate  vicinity  ;  but  these  vary  greatly  as 
we  pass  from  Point  Thessalon  to  Penetanguisheuc,  about  280  miles. 

Between  the  rivers  Thessnloii  and  Missassaga,  and  especinlly  thir- 
teen niitcs  east  of  the  former,  the  bench  is  so  encumbered  with  erratic 
boulders  as  to  impde  landing.  They  arc  granites,  traps,  and  gneiss, 
with  a  ([uantity  of  the  jasper-pudding-stone,  so  much  admired  by  all 
wlio  liave  seen  it*.  Black  trap  seemed  to  form  the  most  abundant 
boulder.  I  saw  no  loose  hmestone  on  the  main  shores  west  of  the 
river  Missassaga.  It  was  here  that  I  was  puzzled  by  the  almost 
constant  scorings  and  stria;  (uncouuected  uith  the  stratitieation),  by 
the  |)olished  and  glazed  surfaces,  and  the  woolpack  forms  of  the  rocks 
around, — appearances  precisely  similar  to  what  I  afterwards  saw  in 
Switzerland  and  in  North  Wales,  but  which  in  1824  I  was  quite  Mn- 
able  to  inlfrj)ret. 

Eleven  miles  east  of  this  river  the  main  shore  and  its  beach  arc 
remarkably  infested  with  large  blocks.  On  a  syenite  island  in  the 
offing  here,  one  of  a  nameless  group,  quartz-rock,  rendered  slaty  by 
the  presence  of  mica,  is  introduced  largely  among  the  traps,  granites, 
and  ja-sper-puddiug-stones,  and  so  continues  through  the  Le  Serpent 
district  on  the  east.  The  micaceous  rock  comes  from  the  hills  oi  the 
mainland  at  La  Cloche,  where  1  have  seen  it. 

As  we  approach  the  La  Cloche  district,  and  pass  through  its  groups 
of  isles  and  winding  sheets  of  water,  as  far  as  Collin's  Inlet,  square 
masses  ( .'V-20  lbs.  weight)  of  sparkling,  finegrained  quartz,  line  almost 
every  shore  nearly  to  the  exclusion  of  all  other  rocks,  except  now  and 
then  slabs  of  Trenton  limestone,  loose  or  in  place,  full  of  fossils.  In 
Collin's  Inlet  these  quartz-rocks  are  rolled ;  elsewhere  they  do  not 
present  that  ajijiearance  in  nearly  so  great  a  degree. 

The  quartz-rock  prevails  iu  a  fixed  state  for  many  miles  around, 
and  is  traversed  by  dykes  of  trap.  One  very  large  black  block  of 
trap  was  shown  me  on  the  mainland  as  having  given  the  district  its 
name,  from  its  ringing  loudly  on  being  struck. 

Proceeiliiig  eastwards,  on  and  around  the  Fox  Islands,  opposite 
Collin's  Inlet,  thirteen  miles  west  of  the  French  River,  the  boulders 
of  jasper-pudding-stone  re-occur,  with  much  greenstone,  porphyry, 

*  I  taw  here  a  cubic  block  of  4  feet  every  way.  Jt  liu  been  deacribcd  by 
Logan  uid  others.  I  saw  this  detcription  of  debris  m  tilu  on  the  adjacent  shore, 
u  well  as  on  the  Isle  of  Encampnieut  Doux  (not  D'Ourt)  at  the  East  Nibish 
Rapid,  where  the  white  crystalline  qimrtz-rock  is  striped  by  bands  ( 1-5  feel  broad) 
of  red,  brown,  and  green  jasper  nodules.  Mr.  Logan  also  founil  it  in  great  mass 
in  a  small  lake  three  miles  from  Lake  lluroo,  urar  Portlock  Harbour,  and  on  Tlies- 
talon  Lake,  some  miles  to  the  east. 
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Biid  conplomernte,  various  traps,  a  Urge  lump  of  silver}'  micm,  the 
Ln  ('loc)ic  uiiartz-ruck,  aad  gneiss  with  garnets  from  ihr  Frrncti 
River.  The  last  is  from  the  uorth-east ;  all  the  rest  are  from  tocmlitin 
ill  a  N.W.  direction  ten  to  eighty  miles  distaut. 

The  French  River,  on  its  way  from  Lake  Nipissing  to  Lake  Uurno, 
passeji  througk  a  desolate  coiuitry.  There  is,  however,  some  milra 
distant  easterly  a  very  large  and  high  table-land,  covered  with  fertile 
deposits.  While  descending  this  river  with  great  rapiditT.  I  wb» 
chiefly  struck  with  the  effect  of  cold  upon  its  shores.  Tin-  mcks 
(various  forms  of  gneiss,  &c.)  were  usually  split  up  into  largf  shmrp- 
edged,  ohloog  masses,  often  piled  by  freshets  one  u|iou  another.  Ax 
one  place  they  almost  dammed  up  the  channel  down  which  we 
passing,  .\mong  the  innumerable  islets  off  EVirr>''»  Sound,  sldl  fur  _^ 
east,  I  noticed  two  great  piles  of  sliarp-edged  slabs  of  gneiaa,  haru^ 
all  the  appearance  of  having  bc«-n  brought  there  and  thrown  darnm 
pell-mell ;  but  they  are,  most  probably,  the  work  of  the  ice  daiu(| 
spring-freshets. 

On  the   beaches  (west  of  the  Key  on  the  north  shore  of  !,«](• 
Huron),  eleven  miles  east  of  the  French  River,  wc  saw  no  morr 
per-pudding-stone,  and  little  quartz-rock,  but  various  fonns  off 
stone,  granite,  and  gtteiss,  and  two  blocks  of  impure  labn 
one  of  the  blocks  weighing  2.')O-30()  lbs. 

On  the  rugged  north  shore  near  Ilenvey's  Inlet,  aUmt  twrntj-lii* 
miles  east  of  the  French  River,  the  iH'iir.h  is  xtrewn  with  blark,  brown, 
red,  and  white  slates  (either  argillaceoits  or  of  grcenatuae),  Tariaw 
poqihyries,  granite,  gneiss,  and  labradorite  ;  the  slates  and  porphjrrict 
forming  two-thirds  of  (he  whole. 

There  is  not,  as  far  as  I  could  ascertain  with  care,  •  vettif^e  td  I 
stone,  loose  or  fixed,  on  this  part  of  the  north  shore ;  althou^  i 
in  *i(u  on  Limestone  island,  ton  miles  south  of  Franklin  luUt; 
Cabot's  Head,  which  is  composoti  of  limestone,  is  fifty  miles  to  the  1 

The  labradorite  occurs  in  a  fixed  state  on  a  group  of  piiM 
islets,  tlvirty  miles  N.N.W.  of  the  Giant's  Tomb,  •  little  way  wilUi 
the  lake,  opi>osite  Parrj-'s  Island*. 

From  near  Ilenvey's  Inlet,  and  still  more  charaetrriatkaUy  fnm 
near  Parrv's  Sound,  the  labradorite  boulders  oversprejul  thr  n 
shore  and  its  isles,  in  company  with  gneiss,  trap,  granite,  and  < 
quartzy  hornblende  that  we  find  imbedded  in  gneiss  on  the  N  .E.  < 
of  Lake  Huron. 


*  This  i^up  of  Uleti  is  five  miles  lone.    The  rock  is  nitiBtifaJ  I 

•Mr,  fiirtniRg  whole  islands.  It  gieneralTjr  conuins  inlemiplcd  Uaes  of  pIslM  ^ 
lilack  mica,  utd  ocnsionally  Urge  imbedilnl  ihsmx-s  of  homblcadc.  fu  mHUt 
surface  is  apt  tu  weather  soft  and  powdery  whilr ;  liut  ii  is  as  oA«a  100114  aad  tt 
a  shining  green  colour,  with  a  few  iridescent  (Mue  and  nrd)  spola,  whick  wbia  (!■ 
lock  is  wetted,  orenpread  the  whole  surface ;  ■■  was  the  case  on  Ite  niaj  Aiy 
when  I  paned  by.  This  rock  occurs  in  great  ijnantitjr  in  Banes  aad  St.  liaisia 
Counties,  in  the  Sute  of  New  York,  and  wh  Aral  deaeribcd  hj  DbtHaaan  ia  U* 
■armr  of  tkeSaeoad  Geological  Diatrict  of  that  State.  Mf.  Haa^  la  Wa  RafaS 
fcr  IMS  oo  tha  Geotonr  of  ibe  Caaadat.  aaHeaa  ika  aafatMot  «r  a  baaMer  af  iMi 
MgUy  nraawcatal  rodi  la  BatburM,  n«ar  the  BUaM  Caaat.  «a  thaMXaTL^a 
Ontario. 
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The  labrwlorite  is  often  met  with  on  the  eastern  coast  of  this  lake, 
as  well  as  in  Lake  Sinicoe  ;  in  a  southerly  direction  from  whence  it  is 
noticed  in  decreasing  quantities  for  tliirty  miles,  as  far  as  Lake  On- 
tario ;  and  even  at  tlie  outlet  of  this  latter  lake,  nearly  300  miles  to 
the  south-east,  a  few  blocks  of  this  well-marked  rock  may  be  seen  ; 
to  this  last'Uamed  locaUty,  however,  it  may  come  from  Bathurst  on 
tbeN.E. 

The  water-margin  of  the  cairn-like  island  called  the  Giant's  Tomb, 
four  and  a  half  miles  from  the  Christian  Isles,  struck  nif  as  being  re- 
markable. Its  north  shore  is  scrajied  clean  to  the  rocks  by  the 
waves,  which  wash  the  very  niots  of  the  bushes ;  the  east  beach  has 
a  thick  coating  of  fine  sand,  while  the  south  and  west  sides  of  the 
island  are  covered  with  vast  numbers  of  transportetl  blocks  only, 
which  arc  of  great  size.  They  consist  of  labradorite,  syenite,  gneiss, 
honiblende-rock,  and  flat  pieces  of  fossiUferous  limestone. 

If  we  cross  northwards  from  the  Giant's  Tomb  to  some  islets, 
scarcely  half  a  mile  distant,  we  entirely  lose  the  limestone. 

The  Military  Station  of  Penetanguishene,  hard  by  in  Gloucester 
Bar.  takes  its  name  from  the  high  sand-hills,  witii  blocks  of  granite 
anj  trap,  with  which  it  is  surrounded. 

I  am  but  little  acquainted  with  the  south-east  coast  of  Lake  Huron  ; 
which  is,  however,  extremely  well  worth  examination. 

Of  the  great  curvature,  called  Notawasaga  Bay,  sixty  miles  round, 
I  know  only  the  north  wing,  from  the  Christian  Isles  to  the  river 
Notawasaga,  not  quite  otie-lialf. 

The  adjacent  land  here,  which  is  well-timbered,  rises  rapidly  to  the 
height  of  300  feet  or  more,  presenting  two  or  three  distinct  ledges  of 
horizontal  rock,  faced  with  a  thin  covering  of  sandy  soil.  In  various 
places  betivecn  Penetanguishene  and  Lake  Sinicoe,  there  are  mounds 
of  sand ;  some  of  which  have  been  recently  opened,  and  each  has 
been  found  to  be  the  receptacle  of  hmMireds  of  Indian  skeletons,  with 
many  kettles,  wampum,  &c., — perhaps  the  result  of  savage  warfare 
200-300  years  ago". 

Whilst  the  ordinarj'  line  of  coast  on  the  north  side  of  this  bay  ex- 
hibits only  low  round  sand-hills,  and  not  many  primitive  boulders, 
these  latter  beset  the  httle  jwints  and  angles  in  great  numbers ;  the 
boulders  are  sometimes  of  several  tons  weight,  and  similar  in  kind  to 
those  met  with  on  the  Isle  of  the  Giant's  Tomb, — from  the  N.  and 
N.W. 

The  river  Notawasaga,  in  its  course  from  the  east,  affords  many 
beautiful  sections  of  the  country  for  twenty  miles  from  its  mouth. 

In  the  right  bank  of  this  river,  about  twelve  miles  from  its  mouth, 
and  thrise  miles  below  the  commencement  of  its  rapids,  there  are  two 
horizontal  layers  (each  -J  or  6  inches  thick)  of  large  shells,  closely 
packed,  of  the  genus  Unto ;  this  geuus  is  common  in  Lake  Huron  at 
the  present  day,  but  the  recent  specimens  have  not  snch  thick  shells 
as  the  fossil  species.  The  beds  are  one  or  two  feet  apart,  and  are 
buried  under  a  sand-hill,  which  is  from  80  to  150  feet  high,  and 
through  which  the  river  forces  its  way.  The  shells  are  in  various 
*'  AssUtaat-Surgeon  Bawtrec,  in  Jamiewn's  Journal,  toI.  xliv.  p.  87. 
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«te8  of  presen-ation, — from  a  nearly  sound  state  to  a  coi 
sinbling  c-aleinatioii.  They  arc  most  connnoitly  composed  of  k 
cohering  layers  of  soft  calcareous  matter,  of  a  bright  {)e*rly  b 
and  are  therefore  extremely  fragile.  Both  valves  are  often  in  co 
aiid  are  tilled  with  smaller  shells  and  sand ;  but  the  majorit 
broken  into  small  fragments,  or  have  even  fallen  into  a  white  po 
The  small  shells  just  spoken  of  are  Planotbet,  Phyttt, 
Melanite,  Paludlntt,  &c.,  and  are  particidarly  abundant  in 
state  in  the  river  Notawasa^ ;  and  tlumsaiuls,  like  those 
the  sand,  arc  lying  dead  on  the  strand  about  the  mouth  of  t 

While  the   Unione*  occur  by  themselves,   suueezed  togeih 
mas»e,  a  great  number  of  the  others  are  scattered  about  in 
layers  around. 

These  two  remarkable  seams  of  sbelb  arc  Terr  distinct  ft 
miles  downwards,  and  are  from  time  to  time  risible  nearly 
Huron.     They  extend  most  probably  a  considerable  distaii 
the  river  laterally.     The  lofty  bank  in  which  the  shells  occi 
nutcly  stratified.     Above,  it  is  comttosed  ofcoar.se  brown  sao: 
very  thin  sprinklings  of  gravel,  and  m  one  spot,  at  about  mid-hi 
three  contiguous  layers  of  small  pebbli-s  occur  ; — below,  it  couai 
very  while  and  fine  sand,  which  rests  upon  white  cUy,  mixed 
pebbles,  similar  to  those  in  the  siuid.     This  clay,  or  inarl-cla' 
the  river-bottom  ;  it  has  a  fine  texture,  and  breaks  conchoit 
crumbles.     In  one  place  it  is  2U  fret  thick  above  the  level 
river. 

Of  the  very  extensive  south  coast  of  Lake  Tluron  I  only  knU 
may  be  gathered  from  a  coasting-vovage,  and  from  landing 
or  three  8uot«,  as  at  Pres(|u'isle  and  m  Thunder  Uay,  where  ] 
erratics  of  trap  and  jasper-pudduig-stuue,  and  native  slabs  i 
atone,— derived  from  the  N. 

The  main  shore  is  everywhere  low  ;  the  beachea  are  sand?, 
points  arc  either  faced  with  broken  ledges  of  lime«tonr,  or  \ 
merous  erratics. 

Kirrr  St.  Clair,  Lake  St.  Clair,  and  Jiieer  Detroit.— I  now 
Ijike  Huron  for  the  River  St.  Clair ;    of  which,  for  want 
notes,   I  have  only  to  say,  that  its  larger  detritus  is  fntm  tl 
shores  of  Lake  Huron. 

Lake  St.  Clair,  being  in  a  marsitv  country,  shows  vrnr  litl 
tus,  and  this  on  its  south  shore,  where  the  few  small  stnnra 
to  he  seen  have  been  derived  from  Lake  Huron.      I  jtartirul 
marked  the  handsome  green8toae-por]>hyry  uf  its  uortii  shore. 

In  the  river  Detroit,  the  gneiss,  granite,  and  trap  of  LaJie 
are  plentiful,  but  nut  large.  The  clay  of  the  baitks  of  ihia  rv 
tains  freshwater  shells  ; — a  fact  of  considerable  im|>ortauce*. 

LaJte  Erif  and  River  Niagara, — Lake  Erie  is  situated  in 
depression  of  the  great  level  south  of  Lake  Huron  and  weat 
Untario. 

Aa  thif  vast  tract  of  low  unduUting  ground  is 
gnat  sheets  of  blue  and  red  clays,  having  sands  abort 
*  M«Uier,  Silliuitn's  Jounial.  vol.  xlvU.  p.  Ml. 
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find  the  north  shore  of  this  lake  (and  mucli  of  the  soiith  shore) 
bounded  almost  wholly  by  similar  deposits.  These  are  found  from 
the  river  Detroit  to  Long  Point  (285  miles)  in  banks  and  scarjis, 
usually  of  considerable  elevation. 

Sixteen  mites  east  of  the  river  Detroit,  the  scarps  are  at  least  100 
feet  high.  The  under  portions  are  greyish  blue  clay*,  both  in  hori- 
xontal  interrupted  flakes,  and  amorphous  ;  while  the  upper  parts 
consist  of  sand  and  primitive  pebbles,  capped  with  a  light-brown 
loam,  which  is  very  fertile.  At  the  western  portion  of  these  cUifs 
(some  miles  long),  the  pebbles  become  boulders  ;  but  at  the  east  end, 
both  disa|i(iear,  and  we  have  only  fine  sandf. 

On  the  beach  in  front  are  maiiv  erratics,  derived  from  the  north  of 
Lake  Huron,  some  weighing  several  pounds, — greenstone-conglome- 
rate, ])orphyrv,  traps,  &c.,  aiignkr  and  rolled  linn-stone,  together  with 
large  quantities  of  red  sand,  which  the  microscope  shows  to  be  frag- 
ments of  gamet«. 

The  beaches  on  the  north-east  shore  of  Lake  Erie,  west  of  Grand 
or  Ouse  River  (240-260  miles  east  of  the  last-mentioned  locality), 
■re  strewn  with  myriads  of  dead  freshwater  shells,  nrcunndated  to 
the  depth  of  some  inches.  The  lietritus  here  (eight  miles  west  of 
Grand  River)  does  not  come  from  Lake  Huron.  The  preponderating 
debris  is  the  Medina  SancLstoiie  of  Niagara.  I  .saw  one  slab  weighing 
loo  lbs.,  and  many  smaller  and  rather  angular  skbs.  They  aj-e  seen 
all  the  way  ( twenty-four  miles)  to  the  Niagara  River,  with  occasional 
masses  of  labradnrite  (Bathnrst,  &c.)  and  very  large  blocks  of  white 
crystalline  Uniestone  of  the  N.E.  border  of  Lake  Ontario,  or  of  the 
Ottawa  River. 

About  ibe  mouth  of  Grand  River,  as  well  as  at  Long  Point,  high 
dunes  of  loose  pure  sand  ocrnr.  These  are  sometimes  very  ferru- 
ginous, and,  with  occasional  intervals,  occupied  by  cliffs  of  red  clay 
(one  of  which  between  one  and  two  miles  long  occurs  three  miles  east 
of  Grand  River),  extend  to  the  river  Niagara.  The  reil  clay  contains 
angular  fragments  of  the  local  limestone,  and  rolicd  primitive  blocks, 
marble,  labradorite,  and  gneiss,  as  before  nieutioncd. 

There  may  be  ancient  terraces  belonging  to  Lake  Erie  on  the 
north,  but  I  have  not  seen  or  heard  of  any. 

In  speaking  of  the  river  Niagara,  I  shall  only  add  a  fact  or  two  to 
the  curious  details  respecting  its  post-plioceiie  condition  already  given 
us  by  Sir  Charles  Lyell  and  by  Mr.  Uall,  the  State  Geologist  of  New 
York. 

The  river-banks  of  impure  clay  about  the  Falls,  uji  to  Chippewa, 
and  so  on  towards  Lake  Erie  (those  of  Goat  Island),  are  full  of  small 
fragments  of  Niagara  limestone,  both  angidar  and  rounded  ;  a  fact 
observed  all  over  the  valley  of  the  St.  Lawrence.     Everywhere  we 

*  Thik  blue  clay  also  covers  much  of  the  opposite  south  coast. 

f  Altbough  (after  niuch  trouble  uken)  I  could  find  no  sheila  here,  Mr.  Whit- 
tleiey  lately  dUcovered  freshwater  shells,  Planorbft  and  a  /Mieina,  beneath  the 
neareat  ridge  on  the  noulh  shore,  near  CIcavcland  ;  the  ridge  is  cnuiposud  of  sand 
or  fine  gravel  derived  from  the  subjacent  rocks  (Sillira.  Joum.,  New  Series,  vol.  x. 
p.  31). 
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have  comminuted  masses  of  the  sub-rock,  equably  mixed  with  rmtic 
blocks, — forming  sand,  clay,  or  gravel. 

In  the  chasm  near  the  Falls  I  only  saw  one  boulder ;  this  wu 
gneiss  with  garnets, — from  the  north, — precisely  similar  to  what  I 
saw  oil  Lake  Nipissing.  The  fields  for  a  mile  or  more  (moat  proba- 
bly much  further)  in  the  rear  of  the  Canada  side  of  this  river  nrtaent  ■ 
numerous  erratic  blocks, — dropped  at  haiard,  as  it  were.  Bunj'  of  ■ 
them  are  gneiss  and  syenite,  but  a  large  proportion  are  a  [teemiar 
blue  milky  quartz-rock,  which  is  found  in  silu  in  large  quantity  no 
Law's  Farm,  three  miles  N.E.  or  N.N.E.  of  Kingston,  on  Like  On- 
tario, 200  miles  to  the  E.N.E.  of  the  spot  on  which  they  now  lie. 
Others  are  Medina  Sandstone,  and  angular  luasses  of  dark  bloc  time- 
stone  from  the  Humber  (eight  miles  west  of  Toronto,  due  north  tl 
the  Niagara  Falls),  full  of  fossils, — Mytilut  aud  Strophttmena,  cfa*- 
racterigtic  of  the  Hudson  group  of  sedimentar\-  rocks. 

The  same  rolled  milky  quartz  and  Ilumbcr  UmMtone  praraO  ia 
the  debris  lying  in  the  fields  on  the  west  shore  of  I^e  Ontario,  botk 
above  and  below  the  high  ridge,  which  forma  tbo  continnatiaa  of 
Queenstuu  lieights. 

Lakf»  Ontario  anii  Simeoe. — Lake  Ontario  is  2.'V4  fc«*t  aborr  tbr 
aea,  and  322  feet  (330  feet,  according  to  Mr.  Logan)  liciow  l«akc 
I  Erie.  Almost  everything  is  yet  to  be  ascertained  respecting  tht 
height  and  composition  of  the  containing  margin  of  Lake  Ontario. 
One  or  two  points  of  elevation  only  on  the  north  and  south  sides  a** 
known  with  accuracy  ;  the  rest  are  estimates. 

Two,  three,  or  more  lot\y  terraces  or  ridges,  allowing  a  wide  ontkt 
on  the  north-(^ast,  wander  round  the  lake  at  various  distance*^  osiiaBjr 
out  of  sight,  but  oi-casioually  near. 

The  highest  at  present  known  on  the  north  shore,  in  the  rear  of 
Toronto,  is  680  feet  ttlM>ve  sea-le\cl ;  and  ihc  highcvt  on  the  aoulh 
short-  is  762  feet  above  the  same  base  ;  the  former  is  the  wiliinal»  ti 
Sir  Charles  Lyell,  the  latter  according  to  the  meaauranenta  of  chfl 
engineers. 

With  these  few  words  premised,  I  shall  proceed,  aa  bcfon,  to  «&• 
tract  from  my  own  note-books. 

On  travellmg  from  Toronto  to  HoUand's  Landing  on  Lak* 
along  Yonge  Street,  a  distance  of  37  miles,  I  found  thraa 
(one  weiglung  a  ton)  of  the  mixed  petalite,  soon  to  be  apokcB  d,  al 
twelve  aud  fourteen  miles  from  Toronto.  The  fields  betwra  laa 
Olid  eighteen  miles  from  Toronto  are  tolerably  free  from  boaldm ; 
but  for  tlie  next  eleven  miles  (to  the  twenty-ninth  mile  froia  To- 
ronto) tlie  iMinlders  Itectime  abundant,  and  ore  gnetaa,  qnaif  nrt. 
^enite,  coarse  luica-slate,  white  marble,  eun^oniiraie  M  }llilMiliw 
nx-ks  the  smooth  brown  Matchedosh  Limestoue  from  the  north  of 
Lake  SiuKtie,  and  a  limestone  from  the  same  vicinity,  whoae  fbada 
are  arenaceous  casts. 

From  this  point  to  Holland's  Landing  erratica  bcflome  tare ;  but 

tlie  eminrDccs  in  the  rear  of  the  sandy  flat  u|>on  which  that  fc"«"l^  ja 

built  are  crowned  wiih  many  large  boulders.    Erratica  iianlar  in  kiad 

|to  the  foregoing  «Uo  load  the  west  side  of  the  river  all  the  way  to 
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Lake  Sitncoe.  Of  Lake  Simcoe  1  may  here  briedy  say,  that  the  west 
sides  of  (book's  Bay  and  Keinpenfelt  Bay,  thirty-two  miles  from  Hol- 
land's Lnudiiig,  are  encumbered  to  an  extm»rdinary  amount  with  very 
large  and  rounded  erratics,  derived  from  the  N.  and  N.W.,  which 
extend  also  as  far  into  the  woods  as  we  had  time  to  venture.  In  the 
latter  bay  I  saw  much  loose  labradorite  and  most  of  the  loose  rocks 
tliat  were  seen  at  the  Giant's  Tomb.  The  bottom  and  north  side  of 
Kempeufelt  Bay  are  faced  with  one  or  more  high  terraces — two  at 
Juhusons ;  these  are  composed  of  sand  and  rounileil  stones. 

I  now  return  to  Lake  Ontario,  and  pass  on  for  fitly  miles  along 
the  high-road  which  skirts  the  lake,  with  many  <lemtions,  from 
Toronto  to  Kingston. 

For  several  miles  at  first  I  passed  through  woods,  growing  on  white 
sand  ajid  grey  clay  in  various  states  of  admixture.  About  the  river 
Rouge  (eighteen  miles  from  Toronto)  the  land  is  covered  with  large 
primitive  masses,  and  with  much  of  the  Simcoe  Limestone,  contain- 
ing fossil-casts  of  loose  yellow  saud  (found  also  in  situ  on  Quints 
Portage,  Lake  Ontario). 

At  thirty  miles  east  of  Toronto,  about  Still's  Tavern,  and  so  for 
many  miles  (to  Farley's — forty-five  miles  ?  from  Toronto),  the 
country  undulates  greatly,  and  is  full  of  ridges  and  misshapen  de- 
posits of  gravel  and  sand,  llerc  and  there  are  fiats,  with  winding 
terraces  in  their  rear ;  running,  however,  with  a  certain  parallelism 
to  the  lake-shore.  Parts,  esjjecially  the  eminences,  arc  loaded  with 
boulders  of  primitive  rocks,  of  sahlite,  white  marble,  &c., — very 
large,  and  of  Simcoe  limest4)ne — the  last  not  scattered  about,  but 
occurring  in  heaps. 

I  afterwards  saw  this  instructive  scene  from  the  lake  below,  whilst 
making  a  coasting- voyage  between  Toronto  and  Kingston  (180  miles), 
in  a  small  boat. 

On  this  occasion  the  following  observations  were  made.  On  the 
beach  in  front  of  Toronto  are  many  large  erratics  of  syenite,  green- 
stone, and  labradorite,  with  a  block  (weigliing  more  than  two  tons) 
of  the  mixed  serpentine  aiul  marble,  which  is  met  with  in  the  north, 
high  up  the  Ottawa  Kiver. 

Besides  these,  there  is  a  remarkable  block,  not  much  rolled,  which 
WBB  first  noticed  by  the  late  Dr.  Lyons.  It  is  a  mass,  weighing  about 
two  tons,  consisting  of  an  intimate  mixture  of  calcapar,  aetinolite,  and 
petalite.  As  it  haa  been  already  described  both  chemically  and  mi- 
ueralogically  by  Dr.  Gerard  Troost*  from  my  specimens,  I  shall  say 
no  more  about  it  here,  further  than  to  remark  that  most  probably  I't 
has  been  derived  from  the  north. 

Toronto  stands  upon  clay,  which  contains  in  spots  many  small  peb- 
bles of  milky  quartz. 

Proceeding  eastwards  from  hence  six  miles,  we  come  to  a  Une  of 
cliffs,  seven  and  a  half  miles  long,  called  the  Highlands  of  Toronto-)-. 
On  the  west  they  begin  abruptly  and  loftily,  at  the  eastern  end  of 
^m  the  deserted  bay  in  which  Toronto  is  situate  ;  while  their  other  ex- 


I 
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*  Journal  of  (he  Academy  of  Natuial  Sciences  of  rhiladeljiliia,  vol.  iii. 
t  A  noted  land-mark  on  the  lake. 
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trcmitv  sinks  gradually  to  the  level  of  the  lake.  Thc«e  dtffs,  230- 
3(>U  feet  high,  are  quite  peq>endicular  and  tolerably  straight,  but 
broken  from  time  to  time  into  ravines,  with  partially  woodM  ■lopcB 
strewn  with  large  erratics.  The  upper  parts  of  the  cliff  an  umaOj 
worn  by  rain  and  torrents  into  large  triangular  escavationB,  rfachioK 
only  one-third  of  the  way  down  ;  so  that  they  resemble  a  line  of 
houses,  with  the  gables  of  their  high-pitched  roofs  prewDtrd  to  tlio 
street,  as  customary  in  Holland.  At  the  angles  of  tnr  petty  indratj^ 
they  project  into  the  lake  in  one,  two,  or  three  loAy,  needle-like  py»»- 
mids  ;  the  fissures  being  vertical. 

The  sand  of  these  cliffs  is  yellow  and  fine  :  the  cUy  is  either  white, 
or  bluish  or  chocolate-black  ;  both  present  thin  hurixontal  layer*,  u>d 
often  succeed  each  other  in  one  or  more  brood  Imuds. 

The  white  clay,  or  marl  (for  it  varies),  is  sometimes  iutitnatelj 
mixed  with  small  bits  of  bluish  black  limestone,  not  to  be  distin- 
guished  from  the  Niagara  limestone ;  as  well  as  with  fine  yrJlow 
sand. 

I  only  landed  twice,  as  we  skirted  close  in  shore ;  and,  although  I 
looked  anxiously  for  organic  remains  of  any  kind,  I  found  none.  If 
there  had  been  any  large  bones  in  the  face  of  the  cliff,  I  was  always 
near  euougli  to  detect  them,  as  I  had  done  elsewhere.  From  time 
Highlands  to  Kingston,  at  the  outlet  of  Lake  Ontario,  its  in>me«liate 
shores,  when  not  mere  marsh,  are  almost  wholly  earthy  Scarpa, 
heights  varA'ing  from  5  to  HO  feet ;  except  at  the  angli-s  of  curratni 
where  there  is  often  a  few  fractured  ledges  of  horimntal  limrati 
The  same  is  the  case  on  the  south  shore  of  this  lake,  es|K-cially  about 
Sodus.  Eveniwlu're  we  have  banks  of  earth,  clay,  and  frrrugimmt 
sand,  full  of  primitive  and  other  Iwulders. 

Hallway  to  Port  no|M>  (sixty  miles  from  Toronto)  tlic  naked 
loamy  banks  are  filled  with  erratics.  The  terraces  and  other  works 
of  aqueous  origin  which  I  saw  between  thirty  and  fifty  railca  fran 
Toronto,  on  my  land  journey,  are  often  \isible  from  the  lake  They 
range  at  various  heights  along  shore  in  great  sweeps,  o\it'  \. 

tensive  morass«"«.  .\t  a  distance-  of  fortir-seven  miles  from  1  ine 

scarped  banks,  2(>-2.i  fwt  high,  are  aftogetber  oomposeil  ol  extrrmWY 
white  sand,  containing  many  erratics,  especially  of  white  (|uajta. 

Three  miles  nearer  Port  Hope,  they  cou8i«t  of  loun  and  gBMM 
boulders. 

About  Port  Ho|ie,  and  for  a  few  miles  to  the  west,  the  lake  ii 
bordered  by  naked  banks,  10— tO  feet  tiigh  ;  the  lower  hftif  ia  ekjr, 
the  upper  half  sand  or  sandy  loam.  The  clay  is  in  my  thio  boo- 
coulal  layers,  and  is  parted  from  the  sand  in  waving  lines. 

On  the  beaches  we  have  rver)-where  small  limestoae-aUa^  nd 
large  primitive  blocks — marble,  gneiss.  Sec. 

Of  the  interval  of  about  tliirty-five  miles  between  Port  Hope 
the  QuintJ  Portage,  I  have  only  noted  that  for  manv  nu'les  «ci , 
tiie  latter  ]>oinl,  trom  time  to  time  bntken  lines  of  old  watrr-marpa* 
are  visiible  on  (he  n.-iiiig  coaat,  a  hundntl  firt  and  mun'  aluivr  the 
water,  at  different  iliMaiu-e.'i  (  1(K(  or  If^OO  yardu)  into  the  muntrr. 
They  are  short  dilapidated  terraces,  patches  of  rock  in  km  tndK 
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ri  Jges  of  naked  hnul  Jere,  or  heaps  of  swiid  ranging  along  shore.  They 
are  particiilnrlj'  well-marked  ten  inilea  west  of  Presqu'islc. 

From  the  Quiiiti'  Portage  to  Kingston,  seventy-five  miles,  princi- 
pally along  the  wiinling  Bay  of  Qiiiatc,  gravel-hanks  [)revail  on  the 
north  mainland,  which  are  full  of  rounded  lilocks  of  granite,  green- 
stone, and  gneiss.  This  is  well  seen  in  the  Hay  of  Quinte,  twenty- 
seven  miles  from  Kingston,  mid  at  .Vdnl]ihiLS  Town. 

I  have  visited  the  country  in  the  rear  of  the  Hay  of  Qnint^  for  thirty 
or  forty  miles  northwards.  It  contains  the  Trent  and  Mnira  Rivers, 
together  with  nnmerons  lakes.  Its  erratics  are  in  vast  numbers, 
distributed  equably.  They  arc  of  all  the  usual  sizes,  and  are  gneiss, 
syenite,  &c.,  derived  from  the  north  and  north-east.  In  uncleared 
parts  we  meet  with  naked  [)latfornis  of  limestone,  many  acres  in  ex- 
tent, on  which  we  find  these  foreign  blocks  reposing. 


^P  Although  I  desire  this  Commuuication  to  appear  mainly  as  a  col- 
lection of  facts,  perhaps  1  may  he  permitted  to  make  the  following 
few  observations  ; — first,  on  the  loone  detritus,  small  and  large  ; 
and  secondly,  upon  the  imbeddeil  detritus. 

We  have  seen  that  the  loose  detritus  of  the  Great  Lakes  may  be 

i arranged  into  three  kinds  : — 
I .  The  distant  erratics. 
2.  The  near  or  lake  erratics. 
3.  The  natixe  debris. 
The  couilition  and  relations  of  the  first  kind  are  everywhere  so 
similar,  and  their  presence  or  range  so  extensive,  that  the  protlucing 
agency  must  have  been  proportionately  extensive,  ami   pri)bid)ly  of 
long  continuance, — loaded  iee-bergs,  travelling  from  the  north, — or 
an  eiuthquake  sea-wave  with  subseqtient  submergence. 

The  general  courses  of  the  linuldcrs,  &c.,  trncetl  from  their 
parent  rocks,  may  be  seen  on  the  Miij),  V\.  XIV. ;  on  which  the  courses 
of  the  scratches  and  boulders,  as  laid  down  by  Prof.  Hitchcock,  and 
the  tracks  of  the  erratics  observed  by  myself,  are  respectively  shown. 
In  my  operations,  I  have  been  nmch  aided  by  the  occurrence  of 
strongly  characterized  boulders,  and  by  observations  made  during 
previous  journeys  that  extended  400  miles  to  the  north  of  Lake  Supe- 
rior, 160  miles  north  of  Lake  Huron,  and  '200  miles  north  of  Lake 
Ontario. 

The  prevailing  direction  of  the  first,  or  diitant  class  of  erratics 
throughout  the  valley  of  the  St.  Lawrence,  is  southerly  as  far  as  is 
known.  In  I^ke  Huron  many  boulders  have  traveUed  S.S.E.  In 
Lake  Ontario,  on  the  river  St.  Lawrence,  both  above  and  below 

I  Quebec,  they  have  lieeu  carried  W.S.W.  contrary  to  the  present 
current  of  that  river. 
The  exact  line  of  march  cannot  always  be  determined,  from  the 
great  extent  of  the  formations  funiishing  the  boulders.  I  refer  to 
gneiss,  syenite,  marble,  &c.  The  white  marble,  for  instance,  occujjies, 
on  the  north  of  Lake  Ontario,  two  degrees  of  latitude  and  six  of  west 
longitude. 
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Boulders  are  distributed  somewhat  partially  ;  rrrtiiiu  arrM  bafc 
few  or  none ;  ajid  this  over  the  whole  country  eviiemllT,  without 
reference  to  the  present  rivers  and  lakes.  But  tney  m  '  "  '  I  «• 
high  grounds,  such  as  the  top  of  Cap  Tounneiit,  Lower  (  _ ;  'JO 

feet  above  the  sea, — on  the  high  north  mainland  of  I^ikc  SujH'niir. — 
and  on  the  summit  of  Montreal  llill.  Still  they  are  in  the  pvatnt 
numbers — in  quantities  quite  astonishing — at  point*  of  obstructaoa 
on  hU  the  Canaditui  rivers,  wlicther  caused  by  narrown,  islands,  rmpiil*. 
or  falls.  Tiipy  often  overflow  the  vicinitv  of  such  spi>ljt,  in  like  uum- 
hers,  and  without  exhibiting  much  atlntiuu.  The  Bnialler  drtritu* 
has  been  driven  by  winds  and  raius  into  hoUowa,  leaving  the  laiger — 
the  blocks — exposed  and  aluue. 

These  distant  erratics  have,  therefore,  been  in  motion  since  the 
formation  of  the  existing  water-courses. 

The  second  class,  the  home  or  lake  erratics,  arc,  porh 
products  of  causes  now  in  oj>cration, — fi-osta  and  thaws, 
storms.     In  all  these  Canadian  lakes,  at  least  along-ohorr,  large  ' 
of  ice  arc  formed,  which  entangle  earthy  matters  of  ail  fixea, 
frangf>ort  them  here  and  there. 

The  cliffs  and  deep  waters  of  the  north  side  of  Lake  Superior 
well-fitted  for  the  lodgement  of  considemhle  masses  of  mixed  we 
snow,  which  the  warmth  of  summer  wotdd  cause  to  tlrop  ijil4i  tbe 
lake,  there  to  be  for  a  time  the  sport  of  the  winds.  I  tiaw  snow  tm 
the  heights  of  this  lake  in  Jmie,  a  month,  iudetrd,  in  which  it  kaa 
been  known  to  snow  all  day. 

This  class  of  erratics  may  radiate  from  a  common  centre,  I 
ive  of  present  currents,  as  we  see  in  the  csiie  of  the  jas|H-r-pu<I< 
stone,  which  we  find  forty  or  fitly  miles  on  the  east,  we«t,  and  m; 
of  it!i  parent-lx-d.     It  is  possible  that  its  boulders  way  al«o  be 
on  the  north,  but  I  doubt  it, 

Fragments  of  the  rocks  of  Ijike  Huron  traTcl  into  Lake  Superior, 
from  the  east ; — strengthening  the  belief  that  these  two  lakes  weie 
once  united  ; — a  union,  which,  if  I,ake  Huron  were  raised  only  Ian 
yards,  woidd  be  effected.  At  tlie  Falls  of  the  Uiver  St.  Mary,  eaa- 
necting  these  two  lakes,  Ifoulders  from  both  mift  in  gn-at  nnmlMB 
and  size  ;  these  were  left,  |>erhaps,  by  o|i|M)sing  curn-uts,  indrpoidnl 
of  the  walrrcourscs  we  now  liave. 

It  was  curious  to  trace  the  well-marked  auntie  trap  of  Montrr*!, 
stretching  uyi  the  St.  I.jiwrence,  and  cH'curring  at  successive  distancM 
until  the  last  bit  I  observed  was  on  the  (ienesee  River,  on  ihf  soiitli 
shore  of  Lake  Ontario,  iTU  niUes  to  the  S.W.  The  boulden  of  tka 
HK'k  are,  however,  in  far  greater  uiuuitity  on  the  tonthem  leveli^ 
between  Montreal  and  Lake  Champlain. 

CanaiUan  rivers  annually  bring  down  a  certain  quantitTof  tletritna; 
and  winds  (hsjierse  fragments  of  ice-bonie  rucks  over  lake-aborea ; 
but  in  Lake  Huron,  at  least,  this  latter  o|.>eration  goes  ox  l..,t  .1..™!, 
Tlie  opjK)sing  beaches  of  two  very  narrow   straits  iii 
(those  of  i'elletau,  near  St.  Joseph  Isle,  and  Lamonnii 
Sound)  are  lined  with   totally   distinct  detritus.      In 
among  the  incrrdilde  ipiantities  of  debris  on  the  north  inon-  o]  tnr 
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St.  Lawrence,  seventy  miles  below  Quebec,  1  only  found  two  small 
fragments  of  the  inclined  shale  of  the  opposite  shore. 

In  the  Lake  of  the  Woods,  any  existing  current  goes  northwards, 
but  it  brings  none  of  the  innumerable  loose  masses  of  limestone  of 
the  south  division  of  the  lake  into  the  northern  part ;  but  erratics 
of  the  latter  are  in  millions  in  the  south  division.  I  think  the  present 
currents  brought  into  Lake  Erie  only  a  small  portion  of  the  rocks  of 
Lake  Huron,  as  we  now  find  them.  Instance*  of  well-known  erratics 
having  been  shifted  by  the  ice  of  winter,  in  lakes  and  streams,  and  on 
the  sea-coast,  have  been  already  published  by  Mr.  Logan,  Mr.  Holmes, 
myself,  and  others. 

Twenty  miles  south  of  La  Rondc  in  Lake  Nipissing,  and  half  a 
mile  from  the  south  shore,  there  is  an  example  of  one  of  those  piles 
of  square  travelled  rocks,  similar  to  those  observed  by  Sir  Roderick 
Murchison  on  the  rivers  of  Siberia*.  There  is  another  in  Lake 
Crochc,  S.  Hudson's  Bav,  two  in  l..ake  Huron,  and  one  on  the  river 
Ottawa.  That  in  Lake  Nipissing  consists  of  a  large  pell-mell  heap 
of  gneiss-slabs,  witli  edges  as  sharp,  and  surfaces  as  clean  as  if  they 
hafl  been  quarriml  yesterday  for  gravestones  and  flung  down  there. 
These  must  have  been  left  on  shallows  by  the  ice  during  a  spring- 
freshet. 

I  Fig.  2. — Profile  nf  the  we»t  bank  of  the  Ottawa  Riner,  Mow  the 
Teaouac  Riner  (or  Mttttaiea  Rieer)  ;  showing  the  ice-borne  tlebrit 
left  after  fretheti. 


Fig.  2  represents  a  similar  fact  seen  on  the  river  Ottawa,  a  little 
below  the  river  Mattawa  or  Tesouac,  and  alrout  320  miles  above  the 
8t.  liBwrence.  It  is  a  long  line  of  nake<l  square  blocks,  lying  between 
the  limestone  cliff,  bounding  the  river  in  spring,  and  the  ordinary  bed 
of  the  stream, — a  deep  hollow  intervening. 

It  has  been  supposed  by  the  Professors  Rogers,  I  think,  that  there 
have  been  from  the  north  two  discharges  of  erratics  under  water, 
which  were  »e])arated  by  a  period  of  repose.  I  have  no  data  for  ap- 
plying this  idea  to  the  Canadas. 

The  Imbedded  Detritv*.  Beds  and  Terracei. — The  Canadas,  in 
common  with  all  the  western  and  northern  parts  of  the  United  States, 
are  ma])pcd  out  by  irregular  concentric  rings  of  terraces  and  ridges, 
sometimes  hmidreds  of  miles  in  circuit,  which  inclose  the  beds  (with 
or  without  water)  of  lakes  and  ponds  more  or  less  closely.  The  mouths 

*  The  Geotogjr  of  Rouia  In  Europe  and  the  Ural  Mountaina. 
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of  riven  here  and  there  break  through  these  rings ;  and  the  lirm 
themselves  arc  also  bordered  -virith  terraces. 

Sueh  appearances,  either  continuing  into  the  adjacent  coantne*. 
in  the  form  of  high  plains,  or  sinking  uito  swamp*,  couatitutr  a  (u 
more  striking  feature  in  these  regions  than  in  England.     To 
and  delineate  them  would  occupy  a  commiasiou  of  geolo^iiu 
years. 

The  deposits  forming  the  terraces  are  composed  of  detritus, 
tlirougliout  I  he  valley  of  Uie  St.  Lawrence  with  the  locality,' 
tain  kind  being  confined  to  a  certain  district.     They  are  moatly  4fe 
rived  from  the  sub-rock,  but  mixed,  as  wu  have  seen,  with 
matters. 

This  native  debris,  whether  calcareous  or  metamorphic,  is 
invariably  gritty,  in  sharp-edged,  lenticular  piece*,  as  if  it  had 
pounded. 

The  terraces  are  the  margins  of  former  bodies  of  water,  mnch 
loftier  and  larger  than  those  now  existing,  These  ancient  Ukr*  ham 
been  more  or  less  emptied  by  the  elevation  of  their  beds, — an  rlrra- 
lion  taking  place,  [H-rhaps,  verr  exteiuively,  slowly,  and  variniisljr. 
How  and  when  the  changes  in  level, — their  degrees  and  sequea8C%— 
took  place,  I  do  not  pretend  to  say. 

Figs.  3  and  4  show  the  j>re8eiit  levels  nf  the  region  between  Lake 
Michigan  and  the  Gulf  of  St.  I^wrence,  and  nf  that  between  Lake* 
Huron  and  Champlain.  llie  lines  of  section  taken  are  indicated  on 
the  general  Map,  I'l.  XIV.  Tlicse  diagrams  show  also  the  (toMtioiM 
and  elevations  of  some  marine  and  freshwater  depMisits  ;  moat  nf  then 
were  discovered  by  our  associate  Mr.  Logan,  but  that  at  IMontnal 
wiLs  lir!>t  announced  by  the  late  Dr.  Lyon,  and  that  at  Hall,  on  the 
Ottawa,  by  myself.  We  hereby  see,  that  the  hind  with  its  terracd^ 
becomes  higher  as  it  recedes  from  the  .\tlantic  ;  the  ancient  banka  af 
Lake  Superior  In'ing  MO  feet  above  tide-water,  which  mar  or  man 
not  identify  the  waters  deposithig  them  with  the  sea ;  and  thua  ihiT 
may  have  cuvere<l  the  Canadas,  (Jnited  States,  &c. 

These  Lake  Superior  deposits,  nevertheless,  contain  no  orgaaic 
remains,  as  far  as  is  yet  known  ;  but,  descending  eaatward  into  Lake 
nuron,  we  find  extensive  fresh- water  beiU  on  its  east  slwrr,  (Jl  4  fytt 
above  the  ocean  ;  and  another  (or  others)  a  few  feet  lower,  op  the 
river  Detroit,  on  Lake  Erie,  and  the  river  Niagara. 

Descending  from  Lake  Erie  to  Lake  Ontario,  we  have  atMi^tMy 
great  set  of  concentric  terrace-rings  ;  these  also  are  destitute  of  or 
ganic  remains,  and  an>  sup|K>sed  to  be  marine  by  the  State  Geologials 
of  New  York. 

Two  hundred  miles  nearer  the  sea,  Mr.  I.<>gan  fonnd  on  the  Lower 
Ottawa  manv  and  large  de|H)sits,  side  by  side,  both  nf  fitah-  -_ 
marine  shells,  spread  over  a  space   150  mill's  in  length  (  and 
leiislv  more  are  vet  to  be  rcNcaled,  as  clcaraucrs  g»  on. 

Tlie  marine  sliells  of  Montn-al  Hill  are  -lOtJ  fivt  ( t'O  fret, 
iug  to  Mr.  Logan)  above  the  sea — while  n)x>ut  a  mile  on  thdrjoatK 
some  hundred  fe<-t  below,  is  a  bed  of  trc»li-wuier  sheDs,  in  which  tha 
I  of  a  large  laad-animal  have  been  found. 
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Is  it  to  be  supposed  that  each  marine  formation  was  laid  down  at 
the  present  sea-level,  and  then  raised,  or  that  eaeh  marks  the  m»- 
level  of  an  unknown  epoch  ? — and  that  fresh-water  depuuta  were 
made  at  various  levels  above  the  sea  ? 

Vertical  oscillations  of  the  land  are  very  general.  Mr.  Lugmn  d»- 
covered  in  St.  .Vnnand  fresh-water  shells  incumbent  on  marine. 

Lastly,  in  the  Gulf  of  St.  Lawrence,  we  find  ancient  marine  fonn*- 
tious  at  only  20,  30,  and  -40  feet  above  present  tide-level. 


A.PRIL30,  1851. 

John  Edward  Hutchins,  Esq.,  M.P.,  was  elected  a  Fellow. 

The  following  communications  were  read  : — 

I.  Notice  of  the  Occurrence  of  an  Kaktiiuuakk  at  CARTBAGBNa, 
Nkw  Granaua,  on  7th  February,  1851. 

[Commuuicsted  from  Ibe  Foreign  Office  by  order  of  Macaant  PalmersUa.] 


''12.  On  Fossil  Rain-marks  o/'fAe  Recent,  Triassic,  andCktit 
NIFEROV8  Periods.     By  Sir  Charles  Lvkll,  P.H.S.,  GAA 

Mr.  John  Cunningham,  F.G.S.,  in  the  year  1839,  nti  a  psp" 
Ix'fore  the  Geological  Society  on  Imiircitsions  and  C-asts  of  Drop*  of 
Rain  discovered  in  the  quarries  of  I.ower  New  Red  SaiKUtinte  at  8(or^ 
tun  Hill,  ('hesliire*.  .\l\er  he  had  iiift-rnil  their  phitial  origin,  he 
pointed  out  the  indrntatioii!i  oil  the  s|H)t  to  Ur.  Buekland.  who  reooc* 
nized  the  i-urn-ctness  of  hit  inter]>retatiun. 

When,  in  IH-ll,  1  nsited  the  qiuirries  of  new  red  mndatOBB  tH 
Newark,  in  New  Jersey,  in  e(iiM|Muiy  with  Mr.  W.  C.  R«diteU,  «f 
New  York,  we  obser%  ed  some  verv'  di.itiiiet  rain-prints  on  ripple-marked 
shales.  Afterwarils,  in  lK-1'2,  I  »aw  biniilar  imprewious  of  recent  dale; 
which  had  U-eii  made  between  high-  and  luw-water  mark  ou  the  tvJ 
sand  and  mud  iKirdering  the  Basin  of  Mines,  in  the  Bav  uf  Fundy. 
Since  that  period  I  have  U-en  enabled  to  fonn  a  coUectioii  of  niBei- 
meiis  of  this  mud,  hardened  in  the  aun,  through  the  kindness  of  Dr. 
Webster  of  Kentville,  to  which  I  shall  presently  allude.  lu  1843^ 
Mr.  Ri-dlield,  in  a  letter  to  the  aiithor  which  waa  raul  to  thia  Soaetf, 
stated  tlint  he  hml  found  inii>ression8  of  rain-dropa  in  ■Botlicr  locafitar 
of  the  new  reil  tutmUtone,  called  Pompton,  in  New  Ji  i  <  '  iitT-Aec 
miles  from  New  Yorkt ;  and  in  the  same  year  he  |  \a  8Qi^ 

inan'ti  Journal  an  aec-ount  of  the  sandstmie  strata  uf  tluU  idaoc,  UoA  of 
the  Ichthyiilites  ciriitained  in  thenit.  In  tliew  Ih-iU,  many  of  which 
are  fre<piently  ripple-marked,  and  which  exhibit  the  fuot-pvinls  of 
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birds,  shrinkage-cracks  are  seen,  together  witli  fossil  impressions  and 
casta  of  raiii-drops  and  of  )iail. 

Early  in  the  present  year  I  received  from  Mr.  Richard  Brown  some 
tine  s|K-cin)ciis  of  rain-marks  from  the  greenish  shales  of  the  coal- 
measures  of  tJape  Breton,  Nova  Scotia,  to  which  he  lias  made  a  passing 
allusion  in  his  excellent  description  of  the  Sydney  coal-field  in  our 
Quarterly  Journal  *.  A  comparison  of  all  these  sjtecimens  has  con- 
vinceil  me  that  the  impressions  of  tria«sic  and  carboniferous  date,  above 
meutioned,  liave  been  correctly  referred  to  the  action  of  rain,  and  that 
they  are  distingnishalile  from  such  caNities  as  are  sometimes  made  by 
the  rising  of  nir-liulibles  through  mud  or  sand,  with  which  Mr.  Uesor, 
iu  a  tnemoir  recently  published,  has  declared  many,  if  not  all,  the 
supposed  fossil  raiii-marks  to  have  been  confounded  t- 

Recent  Rain-printi  of  the  Bay  of  Fundij. 

In  my  'Travels  in  North  America' t  some  notice  is  taken  of  the 
j>eculiar  conibiimyon  of  circumstances  which  render  the  mud-flats, 
expos<'d  at  l(>w-ti(le  in  the  Bay  of  Fundy,  so  jieculiarly  fitted  ti>  receive 
and  retain  the  fout-prints  of  animals,  or  any  impressions  which  may 
happen  tu  be  made  ou  their  surface.  The  sediment  with  which  the 
waters  are  charged  is  extremely  fine,  being  derived  from  the  destruc- 
tion of  cliffs  of  red  sandstone  and  shale,  belonging  chiefly  to  the  coal- 
measures.  On  the  borders  even  of  the  smallest  estuaries  communica- 
ting with  a  bay,  in  which  the  tides  rise  sixty  feet  and  upwards,  large 
areas  arc  laid  dry  for  nearly  a  fortnight  between  the  spring  and  neap 
tides,  and  the  mud  is  then  baked  in  summer  by  a  hot  sun,  so  that  it 
8f)lidifies  and  becomes  traversed  by  cracks,  caused  by  shrinkage. 
Portions  of  the  hardened  mud  may  then  be  taken  up  and  removed 
without  injury.  On  examining  the  edges  of  each  slab,  we  observe 
numerous  layers,  formed  by  successive  tides,  usually  very  thin,  some- 
times only  one-tenth  of  an  inch  thick, — of  unc(iual  thickness,  however, 
because,  according  to  Dr.  Webster,  the  night-tides,  rising  a  foot  higher 
than  the  day-tides,  throw  down  more  sediment.  ^Vhen  a  shower  of 
rain  falls,  the  highest  portion  of  the  mud-covered  flat  is  usually  too 
hard  to  receive  any  impressions ;  while  that  recently  uncovered  by 
the  tide  near  the  water's  edge  is  too  sotl.  Between  these  areas  a  zone 
occurs,  almost  as  smooth  and  even  as  a  looking-glass,  on  which  every 
drop  forms  a  cavity  of  circular  or  oval  form,  and,  if  the  shower  be 
transient,  these  pits  retain  their  shape  permanently,  being  dried  by 
the  sun,  and  being  then  too  finn  to  be  efl'aced  by  the  action  of  the 
succeeding  tide,  which  deposits  upon  them  a  nfw  layer  of  mud. 
Hence  we  often  find,  on  sphtting  o]icn  a  slab  an  inch  or  more  thick, 
on  the  upper  surface  of  which  the  marks  of  recent  rain  occur,  that  an 
inferior  layer,  dejiosilcil  perlia|>s  ten  or  fourteen  tides  previously, 
exhibits  on  its  under  side  j)erfeet  casts  of  rain-jirints,  which  stand  out 
in  relief,  the  moulds  of  the  same  l)eing  seen  on  the  layer  below.  But 
in  some  cases,  especially  in  the  more  sandy  layers,  the  markings  have 
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\ic<tn  somewhat  liliiiit^d  liy  t))c  tiile,  nnd  by  several  rain-|)rint(i  luiring 
been  joiiieti  intn  out-  by  a  rcjictition  of  drops  falling  on  thi-  uuue  fpot ; 
in  which  casr  the  casts  present  a  very  irregular  aiiil  bli!«trrt>d  ap|N«r> 
aiice.  Dr.  Webster  has  aLso  tent  me  some  sjtecimcTis,  ohowing  tht 
result  of  long-continued  rain,  in  which  all  signs  of  ciretilar  or  otal 
cavities  have  disappeared,  and  where  no  one  would  xusix-ct  the  plurial 
origin  of  that  slight  unevenness  which  may  still  Ih'  trso'ij  on  tivr 
otherwise  level  surt'ace. 

The  iinest  examples  of  rain-prints  sent  to  me  from  Kentviilr  mm 
made  by  a  heavy  shower,  which  fell  on  the  2Ut  of  July,  lK-1!),  wlwa 
tlie  rise  and  fail  of  the  tides  were  at  their  maximum  in  (list  cmaO 
estuary  wiiich  opens  into  the  Basin  of  Mines.  The  tmprcasiona  (a 
fig.  I )  consist  of  cup-shaped  or  hemispherical  cat  ities,  the  largest  I 

Fig.  I.— Recent  Rmn-pnutt,  formed  July  21.  1849.  at  KenfritU. 
Bay  of  Fundy,  A'oro  Seolia. 


riic  ariuH  repn-«cuu  iIk  ilir«ctioB  of  the  ihimcr. 

fullv  half  an  inch  in  diameter,  and  from  one-tenth  to  onc-fliTth  of  an 
tncn  deep  ;  but  there  are  verv'  few  of  such  dimrn«iong.  The  ilrplh 
is  chiefly  U-lowthc  general  pkne  of  utratiticntion,  hut  thewaIN  of  iJmt 
CKvity  consist  partly  of  a  prominent  rim  nf  windy  muil,  formed  of  tltr 
matt4-r  which  has  In-en  forcibly  ex |K-lled  from  the  pit,  aiul  this  marpa 
or  lip  sometimes  |irojccts  as  much  above  the  plane  uf  the  strmtlUB  m 
the  iMtttom  of  the  pit  cxfcmls  U-low  it.  The  rim  of  the  larp^  nun- 
priuta  is  sometimes  no  leiw  than  one-twelflh  of  an  inch  liiuid,  bat  it 
u  usually  much  nnrniwer.  The  outer  side  of  it  is  oftrn  prnMniicidar 
or  almost  oterhnnging.  In  the  same  shower  in  which  lite  laigcal 
drops  are  half  no  inch  in  diameter,  the  aternge  inittrCMiana  tn  oeij 
from  oneH'ighth  to  one-tenth  of  an  inch  acroas.  Mai^  of  ererr  Mr 
arc  circular,  but  others  arr  oral,  the  largrat  diameter  tMSet^bm  Ike 
•hortest  by  oue-third  or  onr-iifth.  ,\ll  the  cavidM  hlffiw  HI  onplv 
raJ  form  are  ikv|>er  at  our  rnd,  where  they  hatr«  alio  •  hi|^bcr  nm. 
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.  all  the  dt>ep  ends  have  the  same  direction,  showing  towards  which 
quarter  the  wind  waa  blowing.  Two  or  more  drojis  are  sometimes 
seen  to  have  interfered  with  each  other  ;  in  which  ca*e  it  is  iistudly 
possible  to  dctennine  which  drop  fell  laiil,  its  rim  being  unbroken. 

On  soDie  of  the  specimens  the  vvin<ling  tubular  tracks  of  worms  are 
seen,  which  have  been  bored  just  beneath  the  surface  Use*-  fig.  I). 
They  occasionally  pass  under  the  middle  of  a  rain-iniu-k,  having  been 
formed  subsequently.  Sometimes  the  worms  have  dived  beneath  tlie 
surface,  and  then  reappeared.  Occasionally  the  .same  mud  is  tra- 
vers<'d  by  the  foot-prinls  of  birds  (Triuffa  minuta)  and  of  musk-rats, 
mink,  dogs,  sheep,  and  cats.  The  leaves  also  of  the  elm,  mnph-,  and 
oak  trees  have  been  scattered  by  the  winds  over  the  soft  nnid,  an<l, 
having  been  buried  under  (he  depositjt  of  succeeding  tides,  are  found 
on  dividing  the  layers.  M'lien  the  leaves  themselves  are  removed, 
very  faithful  iniitressions,  not  only  of  their  outline,  but  of  the  nuuutest 
veins,  are  left  imi^riiited  on  the  clay. 

On  one  s|)ecinien  of  ilried  imid  from  Kentville  1  obser^•cd  numerous 
small  jirotuberanccs  which  on  a  hasty  view  seemed  not  uidikc  the 
casts  of  rain,  but  which  I  satisfied  myself  could  not  be  such,  because 
they  stood  out  in  relief  from  the  uj)jicr  surface  of  the  mud,  on  which 
foot-marks  of  birds  were  iWcw/erf.  On  examining  this  slab  more 
clos<'ly,  the  protuberances  were  seen  to  be  irregular  in  fonii,  and  be- 
neath them  were  found  small  jjcllets  of  shale  and  crystals  of  salt,  which 
had  evidently  lain  on  the  beach,  and  then  been  covered  with  a  film 
of  sediment.  This  solid  matter  not  h.iving  shrunk  when  the  muddy 
layer  dried  in  the  sun,  a  small  projection  was  caused.  Small  cracks 
were  usually  visible  round  the  base  uf  each  of  these  protuberances. 

Another  set  of  small  convexities,  also  protruding  from  the  ui>per 
surface  of  the  mud,  [iroved  to  Iw  the  crusts  of  small  cavities,  each 
cracked  at  the  top,  and  were  suspected  bv  Mr.  Faraday,  to  whom  I 
showed  them,  to  be  bubbles  of  nuul  which  had  dried  without  bursting. 
He  succeeded  in  jiroducing  similar  convex  protuberances  experimen- 
tally, by  pounding  up  the  Kentville  mud,  moistening  it  with  water, 
an<l  then,  by  means  of  glass  tulx's,  introducing  air  below,  which  rose 
to  the  to])  in  bubbles.  Some  of  these  being  dried,  consoli<Iated  with- 
out breaking,  until  finally  the  crust  which  covered  the  cavity  where 
the  air  bad  been  imjtrisoncd,  cracked  at  the  lo[)  on  shrinking,  like  the 
convex  [irotuberances  from  the  Bay  of  Fundy. 

Being  desirous  of  ascertaining  whether  air-bubbles,  rising  through 
mud  and  bursting  as  they  reached  the  surface,  could  give  rise  to  cavi- 
ties similar  to  those  caused  by  the  fall  of  rain,  I  fioured  some  pounded 
mud  from  Kentville  on  a  small  quantity  of  water,  and  shook  the  basin 
containing  it,  upon  which  numerous  bubbles  of  entangled  air  rose 
through  the  mud,  and,  on  bursting  at  the  surface,  left  cavities  re- 
semliling  in  size  the  ordinary  rain-priuts  from  Nova  Smtia,  b\it  very 
different  in  character.  Nearly  all  of  them  were  perfectly  circular, 
with  a  very  sharp  edge,  and  without  any  rim  projecting  above  the 
general  surfatr.  In  a  few  cas«>s,  however,  there  was  a  slight,  narrow 
rim,  shar|)er  and  more  even  than  that  of  a  rain-print.  In  no  instance 
was  this  rim  connected  with  a  greater  dejiression  at  one  end  of  an  oval 
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concave  depression.  Most  of  the  pits  produced  by  these  air-huhttlm 
were  different  also  from  rain-prints,  in  lieing  deejuT  than  thry  wi!tb 
wide.  Their  sides  were  very  steep,  and  often  ovemrching,  the  rarity 
behiw  the  aurl'nee  being  wider  than  the  opening  nt  the  tup.  The 
axis  of  some  few  of  these  deeper  cavities  was  obhtiue  to  tlie  aurfiuv 
of  the  mud.  Where  two  bubbles  had  touched,  a  vertical  tliin  p»^««^ 
wall  of  nnid  wm  left  between  them. 

I  also  e\}>osed  the  same  mud  in  a  soft  state  (o  a  shower  of  rain,  aai) 
reproduced  markings  like  the  smaller  rain-prints  which  had  bci-u  sent 
lue  from  the  Bay  of  Fundy.  By  causing  single  large  drops  of 
to  fall  from  a  sjtonge  ujKtn  the  same  mud  frtmi  a  height  of  alioat 
feet,  circular  pits  were  formed,  similar  in  size  and  depth  to  the 
impressions  of  rain  from  Kentville,  and  having  similar  rims. 

The  ix-casional  discovery  of  a  few  isolated  cavities  of  the  si^ 
rain-prints  in  ancient  strata,  seems  to  have  letl  some  geologiaU 
ascribe  them  to  air-bubbles,  simply  on  the  assumption  that  rain 
cause  the  nnid  or  sand  to  be  pitted  all  over  bv  numerous  imprvani 
But,  if  the  hollows  have  characters  proper  m  other  respects  to  rBin- 

prints,  we  ought  not  to  seek  for  a  distinct  caiuie,  «r»en  altb '■    ■••Iv 

one  or  two  may  appear  on  a  wide  area.      I  saw  such  isolut  >  i, 

which  I  feel  sure  were  due  to  the  fall  of  drops  of  water,  ou  (iniu  iiiiul 
on  the  lR*ach  at  Baltimore  in  1 842,  and  brought  away  with  meaaoliil 
■pecimeii.  A  few  heavy  drops  from  a  thundrr-»hower,  wiiidi  had 
■pent  its  force  elsewhere,  may  liave  caused  them ;  or  one  of  the  niune- 
rous  water-birds  which  were  flying  aljout  the  shore  may  have  let  faD 
a  drop  of  salt-water  from  its  wing,  or  fr»)m  a  fish  which  it  wm  carry- 
ing off  in  its  mouth. 

7Vt«M#iV  Rain-print*. 

I  have  alluded  to  my  nsit  to  the  quarries  of  New  Red  SandakOBB  0t 
Trias  at  Newark,  in  New  Jersey,  in  18-11,  where  rain-prmls  ocdW, 
and  to  still  finer  examples  nbsenrd  by  Mr.  lU-dfield  ui  the  aanc 
formation  at  Pomiiton,  in  New  Jersey.  In  that  locality  many  of  the 
layers  of  red  shale  or  red  clay  are  ripple-marknl  and  tnToaed  hy 
shrinkage-cracks,  and  exhibit  the  foot-prints  of  tndartyloas  birdie  n 
common  in  the  shale  and  sandstone  of  the  valley  of  the  Cnnncctxilt. 
In  their  average  size  these  ancient  rain-iirints  agree  with  thoar  of 
modem  ilatc,  although  none  of  them  equal  the  lorg^-st  of  tl-.  ■  '  '-t^ 
inmtione<),  from  the  Bay  of  Fundy.     As  in  s|)ecimens  «l  I 

from  Kentville,  the  triassic  strata  exhibit  everj'  gradation  v- 

ient  rain,  where  n  imMlerate  imtnber  of  drops  are  well  iirt  ^n 

fig.  2),  to  a  |M-lting  sliower,  which  by  its  continuauee  ha." 
Uterated  the  circular  form  of  the  cavities.     In  the  more  |» 
wn-ed  examples,  smaller  dro|i8  are  often  mun  to  hare  (aUt> 
cavitiefl  previouhly  made  by  larger  ones,  and  to  haw  mediftrd 
shape,     In  mme  case<>  of  |iartial  interference,  the  laat  drop  haa  uUii 
teratcd  [tart  of  the  aumdar  margin  of  a  former  one;  but  in  othcia  ' 
has  not  done  so,  for  the  two  circles  are  seen  to  iaterarct  i 
Most  of  the  imprrsaioiu  are  elliptical,  haring  their  moR 
rims  at  the  deeper  cod.     We  often  sec  on  the  nndar  aide  of  Mme  a' 
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Pig.  2. — Rain-prints  oh  red  thalt,  from  the  New  Red  Sandstone  or 
Trias  of  PomptoH,  New  Jersey,  U.  S.—Vf.  C.  Redtitlil. 


I 


these  slabs,  which  arc  abcntt  lialf"  an  inch  thick,  casts  of  the  rain- 
prints  of  a  previous  shower,  which  had  ci iJcntly  fallen  when  the 
direction  of  the  rain  was  not  the  same.  Mr.  ReJtield,  by  carefidly 
observinj;  the  obliquity  of  the  imprints  in  the  Poniptou  fpiarries,  a.s- 
cerlained  that  most  of  them  implied  the  blow-ing  of  a  strong  westerly 
wind  iu  tlie  triassic  period  at  that  place.  The  form  of  the  luidu- 
lating  surface,  or  the  ridges  and  furrows  of  the  ripjde,  has  sometimes 
modified  the  depth  of  the  impressions,  which  are  fainter  on  the  lee- 
ward side  of  each  ridge  wid  stronger  on  the  windward  slope  of  the 
same. 

One  class  of  superficial  indentations  at  Pomjiton  has,  I  believe, 
been  correctly  referred  by  Mr.  Redtield  to  bail.  ITiese  hail-marks 
(see  figs.  3  anil  4)  arc  deeper  and  much  more  ang\dar  and  jaggeil  in 

^Figs.  3  &  4, — Suppoied  Ilail-prints  on  red  shale,  from  Pomplon, 
New  Jersey.— Vf.  C.  Redfield. 
^^  Kg.  3.  Hg.  4. 

6 


their  nutUne  than  rain-nrints,  and  haTC  the  wall  at  the  deepest  end 
more  perpendicular,  ana  occasionally  overhanging.     Fossil  fish,  be- 
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longing  to  the  genus  hehypfrrM,  Rgcrtou,  are  foiuid  in  tbe  red  i 
stone  at  Pompton. 

As  some  geologists  imagine  that  a  grrtit  part  of  the  iinpmaiooit, 
imputed  to  rain,  may  have  Wn  simply  the  effect  of  air-ltulthU-s  tiaag 
through  mud,  I  may  state  that  I  agre<-  with  Mr.  IWtield  in  thinking 
that,  in  sueh  examples  as  those  al)Ove-desenlir<l,  no  pnu'tised  ofaeierver 
can  fall  into  a  mistake.  The  oval  fonii  of  so  many  of  tlie  ravitic-t, 
and  their  greater  depth  at  one  end,  are  ehamcteri  alone  eiutficieul  tu 
prove  the  real  origin  of  the  iniprintj  mi  the  Pompton  shale!).  It  ha* 
mdeed  been  objected  that  where  tria.ssic  sludes  alternate  wi' 
ose  sand.stone.H,  as  at  Storetou  Hill,  on  the  Meriey,  near  1.  i 

spot  which  I  have  myself  visited),  we  might  have  ex|)cct<  i. 

marks  to  have  l)cen  more  blunted  by  a  current  of  water  1 
erted  sufficient  power  to  spread  grains  of  Mud  oxer  a  large  sun 
mud.     Mr.  Cunningham  gave  an  answer  by  anticipation  tn  tl 
jection,  l)y  suggesting  that  the  fine  sand  of  the  whit*-  quni : 
stone,  in  which  the  casts  of  rain-pnnts  are  preserved,  may  ; 
blown  by  the  wind  over  an  area  which  we  may  infer  to  luive  Ikvh  aborr 
water  at  the  time,  l)ecause  of  the  depth  of  the  Cheirotherian  foot- 
prints traversing  the   rain-marked  layers.     I   have  notic«*d  in  mj 
'  Travels  in  North  America,'  that  on  the  Ijeach  at  Beauly,  in  the  ilrltJi 
of  the  Savannah  river,  in  Georgia,  I  saw  numerous  foot-tracks  uf  r»- 
couns  and  o|>ossums  made  on  the  saudy  mud,  where  the  animals  hmii 
come  do«ii  to  the  sea-shore  to  feed  on  oysters.     Thi-se  trails  had  bern 
formed  during  the  four  preceding  hours  or  after  the  ebbing  of  the 
tide.     The  surface  of  the  mud  had,  by  expostire  to  tbe  air  and  ion, 
already  aeipiired  in  that  short  time  a  considerable  degree  of  fim> 
neas  and  consistency,  and,  while  some  of  the  moulds  remained  empty, 
others  were  half-tilled  with  tine  blown  sand,  which  had  already  quite 
covered  tip  a  portion  of  each  trail.     The  quartzose  sand  was  in  ihit 
iuataiice  derived  from  a  low  c-liif,  formed  of  tertiary  strata  so  iiicobr- 
reut  that  clouds  of  minute  grains  were  swept  along  by  a  grntlr  wind, 
— admirably  exemplifying  a  process  by  which  perfcict  OMte  of  fboC- 
marks  or  of  rain  may  be  taken  in  a  nmtrix  capable  of  beinc  i 
eonvert«d  into  the  hardest  quartzose  sandstone*. 

Carftoni/rrom  Rmm-printt. 

Tn  the  sixth  volunu-  of  the  Quarterly  Juunud  of  the  0*o! 
Society,  Mr.  Kieharil  Brown  eomtimuieatml  to  us  an  tcwnAe  and 
detailed  aeeonnt  of  the  Sydney  coal-field  in  Caiie  Breton,  N 
In  that  paper  he  called  our  attention  to  the  oceurreuev  u  u- 

measures  ol  thirty  underclays  with  Stiijmaria,  and  eighteen  e:uunplca» 
at  different  levels,  of  the  fossil  trimks  of  trees  standi]^  ervct,  or  rn'r- 
pendicular  to  the  inclined  planes  of  stratification,  the  KiMtcr  y 
llie  tree*  having  their  roots  attached.     Together  with  tntiw  nt. 
the  cxwtcncc  of  forest-coxered  land  on  that  area  at 

iluring  the  accumulation  of  tlie  ciial,  he  ha*  descriJH..  ^ 

calated  strata  of  a  marine  or  hrnckish-water  rharactrr.     MV  ai*  pre- 

•  Ttvveb.  rati.  p.l6«. 
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pared,  therefore,  to  hear  of  the  discovery  in  such  a  region  of  the  signs 
of  all  till'  phtciiomeiia  which  characterize  sea-beaches  or  hanks  of  sjind 
or  uiiul  laid  dry  between  liigh  and  low  water.  Accordingly  Mr.  Urowu 
alludes  in  his  memoir  not  oidy  to  ripple-marked  surfaces  and  shrink- 
age-cracks, but  to  fossil  rain-print«,  and  of  these  last  he  has  had  the 
kindness  to  send  me  some  fine  examples,  which  I  shall  now  describe. 
They  consist  of  delicate  impressions  on  greenish  slates  (see  fig.  !>), 

Pig.  5. — Carboniferous  Rain-printt,  with  Worm-traekt,  on  green 
*hale,frnm  Cnpe  Breton,  Xora  Scotia. — Richard  Brown. 

Fig.  6. — Casts  of  the  same  Rnin-prints  as  No.  b,  seen  on  the  under 
tide  of  an  incumbent  layer  of  shale. 

:Fig.  5.  Fig.  6. 


and  of  casts  projecting  from  the  under  side  of  similar  sliale  resting 
upon  them  (see  fig.  6).  Some  of  these  casts  present  the  same  warty 
or  blbtered  surface  (see  fig.  7)  which  Mr.  Cunningham  lias  mentioned. 

Kg.  7. — Casts  of  Carboniferous  Rain-prints  and  Shriniaffe-eracfcs 
on  the  under  side  of  a  layer  of  sandstone,  Cape  Breton,  Nova 
Scotia. — Richard  Brown. 


when  speaking  of  the  Storeton  Hill  rocks.     Some  of  the  Cape  Breton 
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specimens  came  from  tlu-  bed  No.  :JI3  of  the  section  |inbli»hc<l  in  out 
Qimrterly  Journal*.     In   the  annexed  diagram,  fig.  8,  Mr.  Drown 

Fig.  8. — Section  ahowing  the  potition  of  Rain-printt  (6,  6)  m  tkm 
inclined  Coal-measuret  of  Cape  Breton,  Nora  Scotia. — RiehaH 
Brown. 


lit  SIS  tli 

A,  b.  Pfwition  of  the  Bua'priBU. 
C,  C.  Hich-a'aicr  mark. 
III.  9x3  ahtle. 

tl3.  (irrrikuh  arrajKCQua  ttuda  with  lUin-prliita. 
IK.  Knl  thalc. 

A    SuiiUtj^n^,  the  upper  Uy«fi  of  whirh  ptm  ovrr  Ite  rtd  ■ 
S1&.  ArenacviKu  liiklr. 

has  been  enAhl<-<l  to  give,  in  consecjuence  of  the  altrred  state  of  thr 
clifTii,  a  more  eorrect  ropresetitatiun  of  tlie  \wi\s  rontniniitg  run- 
prints  than  tlial  In-fore  puhlislied,  for  lie  has  diseovered  timt  tiir  up. 
|)er  layers  of  iuuKbtone,  A,  about  I  fiMJt  in  thickness,  i>pn-ad  ntrr  tM 

shale  21-1,  towards  the  diu.     The  exact  positiou  of  the  mr-  •'' in 

the  laminated  and  ri|)plea  arenaeeomi  shale,  No.  213,  in  >  m 

the  annexed  diagram,  at  b.  b.  fig.  8.  Some  of  the  Liven  m  .><i.  .13 
eoiuist  of  almo8t  pure  sandstone.  Here,  as  in  anot'her  iuKtanre  m 
tlie  same  line  of  coast,  the  rain-prints,  wliieh  are  *ery  perfect  to  ■ 
higher  part  of  the  cliff,  JH-eome  fir«l  indistinct  lower  down  and  thm 
diMp]>ear,  sliowing,  says  Mr.  Brown,  that  they  constituted  originally 
a  narrow  zone,  as  they  would  naturally  do  on  a  sea-lM-ach.  In  the 
drawuig  given  of  sonic  of  these  drops  (fig.  5),  many  of  thrm  are  Mai 
to  be  verv'  oval  in  form,  and  their  dee|>ening  at  one  end  dwws  the 
direction  of  the  » ind,  as  indicated  by  the  arrow. 

In  the  same  manner  as  in  the  recent  mud  of  the  Bar  of  Foathr, 
the  tracks  of  annelids  are  seen  in  the  carbouileroua  aliale  on  the  same 
surface  with  the  rain-prints  (see  fig.  5),  and  some  of  tJic  aocmat 
wonn-tracks  disappear  and  rise  again  to  the  aurfnre  as  do  thote  of 
niiMleni  date.  A  drawing  is  also  annexed  of  one  of  the  T<^t1iiif 
from  Ca})e  Breton  (fig.  7),  with  cants  both  of  rain-pnuts  aud  of  oBflD 
rnu^ks,  wliich  must  have  traversed  the  subjaceut  day  on  which  tbi 
rain  fell. 

In  re-examining  the  slab  figured  in  my  *  Second  Visit  to  the  Unitad 
Statesti'  which  I  brought  in  |H16  froi'n  the  coal-4tnUa  nf  niiiwi 
burg,  Peiuisylvania,  on  wliich  Dr.  King  found  im|>mR0itt  of  a  ear- 

*  VoL  vL  p.  1 19 ;  not  in  No.  3U,  u  was  there  tuicd  bjr 
t  VaLU.ii.3M. 
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bonifcrous  re[ttLli'*,  1  find  nol  imly  shrinkat;c-cracks,  but  a  multitiule 
of  small  tubercles  covering  a  part  of  the  surface,  much  resembling 
the  casts  of  rain-jjriuts,  and  which  I  strougly  suspect  to  have  been 
due  to  pluvial  action. 

Tlie  luxuriant  vegetation  of  the  coal-period,  and  especially  the  con- 
tinuity of  \ta  forests  for  hundreds  of  miles,  as  well  as  the  botanical 
character  of  its  flora,  had  previously  led  botanists  to  infer  a  humid 
climate, — still  it  is  satisfactory  to  obtain  positive  proofs  of  showers 
of  rain,  the  drops  of  which  resembled  ui  their  average  size  those 
which  now  fall  from  the  clouds.  From  such  data  we  may  presume 
that  the  atmosphere  of  one  of  the  remotest  periods  known  in  geology 
corresponded  in  density  with  that  now  investing  the  globe,  and  that 
different  currents  of  air  varied  then,  as  how,  iu  tem])erature,  so  as  to 
give  rise  by  their  mixture  to  the  condensation  of  a(|ueotiii  vajMiur. 
The  hail,  moreover,  of  the  triassic  period,  if  correctly  deciphered  by 
Mr.  Redficld  (which  I  sec  no  reason  to  question),  affords  another 
point  of  analogy  between  the  meteoric  agency  of  ancient  and  modem 
times,  implying  that  certain  regions  of  the  atmosphere  were  occa- 
sionally intensely  cold. 

Since  the  above  was  in  type,  my  attention  has  been  called  to  a 
notice  by  Dr.  Buckland,  "  On  cavities  caused  by  air-bubbles  on  the 
surface  of  soft  clay,"  which,  he  justly  observed,  "  nmst  be  carefully 
distinguished  from  impressions  made  by  rainf." 


3.  Oti  the  Occurrence  of  a  Track  and  Foot-prints  o/an  Animal 
i»  ffie  Potsdam  Sandstone  o/  Lower  Canada.  By  W.  E. 
Logan,  Esq.,  F.G.S. 

Whkn  in  England,  about  eight  years  since,  I  exhibited  to  the  Society 
a  specimen,  brought  by  me  from  Horton,  near  Windsor,  in  Nova 
Scotia  t,  which  was  considered  to  be  the  fir.st  faint  evidence  of  the  ex- 
istence of  reptilian  annuals,  previous  to  tbe  deposit  of  the  Magnesiau 
Limestone.  Various  fossils  which  were  brought  from  the  same  loca- 
lity, and  others  from  Windsor,  induced  Mr.  Lonsdale  to  think  that 
the  rocks  were  of  the  Triassic  period,  and  M.  De  Verneidl,  who  had 
just  returned  from  Russia  with  Sir  R.  Murchisou,  that  they  were 
"Permian ;  but  in  a  subsequent  collection,  brought  by  Sir  Charles 
Lyell  from  the  same  place,  the  same  paleeontologists  met  with  several 
Carboniferous  forms;  and  SirC.  Lvell's  evidences,  communicated  by 
him  to  the  Society,  left  little  doutt  that  the  Horton  and  Windsor 
beds  were  of  the  Carboniferous  age.  By  a  subsequent  careful  exa- 
mination of  the  great  carboniferous  development  at  the  Joggius,  on 
the  Bay  of  Fuudy,  I  satisfied  myself  that  these  reptilian  traces  oc- 
curred near  the  very  base  of  the  carboniterous  deposit,  as  the  equi- 

*  See  Anniversary  Address  of  the  President,  1851,  p.  Ivii. 
t  Report  of  Brit.'/Vssoc  1842,  Tr»n«.  Sect.  p.  57. 
J  See  Proceed.  Geol.  Soc.  vol.  iii.  p.  712. 
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valeiit  beds  were  there  found  to  emerge  from  iM-ncath  1  1.700  feet  ct 
curboniferoiis  strata.  Later  discoveries  by  Dr.  King*  and  Mr.  Lea  ia 
I'eausylvania  give  clearer  evidences  thm  the  ilorton  speomens  of 
similar  facta. 

On  the  j)resout  occasion  I  have  to  place  before  tiie  Society  wva- 
mens  which,  interpreted  hy  ProfessorOwen,  who  has  luul  the  LiuiineM 
to  examine  them,  a]>|>ear  to  I'arry  trac(>s  of  the  same  closd  of  aui- 
niala  still  farther  down  in  the  series  of  ^olopcal  formations, — iu  fart, 
to  the  very  lowest  rock  that  in  .\merica  (up  to  the  present  time)  jpveii 
signs  of  created  beings.  The  specimens  consist  of  a  small  tlak  of 
sandstone,  showing  foot-prints  on  one  of  its  surfaces,  and  a  plMtw 
cast  from  a  longer  surface  of  a  similar  dowription.  The  ori^nsl  ia 
in  the  museum  at  Montreal  connected  with  the  Gi-ological  Survey  of 
('nnadn.     It  would  ha\e  been  more  satisfactory  to  have  >■■  'lir 

original  than  the  cast  ;  but  as  the  former  weighs  upwar.!-  I 

could  not  conveniently  carry  it  with  me  across  land  to  the  *> 
at  Boston,  where  I  embarked  ;  and  as  it  was  quarried  ont  o(   ;  -        . 
only  in  December  last,  atYer  all  the  vessels  had  left  the  St.  Lawreoa^ 
there  has  occurred  no  opportunity  of  transporting  it  by  water. 

My  attention  was  first  drawn  to  the  track  by  .Mr.  .^braliam,  thro 
editor  of  the  Montreal  Gaxette,  who  duly  appreciated  its  uussikir 
geological  imtmrtance,  and  inserted  a  notice  of  it  in  his  dailv  juanud. 
The  locality  is  on  the  left  bank  of  the  river  St.  Ix>uL>,  at  the  tillage 
of  Beauhamois,  on  the  south  side  of  the  St.  Lawrence,  about  twtmtT 
miles  above  the  city  of  Montreal  [see  Map,  PI.  XIV.].  Th«  tnck 
occurs  in  a  (piarry  where  the  rock,  like  the  portion  exhibited,  is  han' 
and  fine-grained,  in  some  parts  approaching  ipiarlz-rock,  aud  so  nli- 
ceous,  that  similar  material  is  useil  at  Vaudreuil,  a  few  milee  distant, 
in  the  manufacture  of  glass.  The  riM'k  is  thick  aiui  cloae-bcddH^ 
with  very  thin  partings,  most  probably  of  argillaccoii*  matrrial,  ht- 
Iween  the  layers,  and  the  surfaces  of  the  hciL-i  have  -ilowiib 

tinge  from  the  presence  of  a  small  <|uantity  of  jicro\,  u.     Th» 

surface  displnvmg  the  impression  was  uncovcn-d  in  the  pmgrcai  of 
(pinrrj'ing  the  stone  for  building  puq>«!»cs.  The  most  westrm  portaoo 
of  what  was  exposed  is  that  removed  to  Montreal,  like  the  pbistrr-raat, 
measuring  1 2J  feet  in  length.  For  about  .'lO  or  (JO  fin-l  bcyimd  thilt 
the  overlying  be<l  still  conceals  the  track,  which  become*  rspoard 
again  for  about  as  much  mon-,  the  whole  being  in  a  pretty  utrmigiit 
line,  with  very  slight  .sinuosities  similar  to  tliose  iu  the  ouC  At 
some  distance  from  this  track  there  is  another  of  the  same  eluu«cter ; 
but  I  am  not  ijuitc  sure  whether  it  is  on  the  same  surface.  I  aiw  k 
in  the  siiriiig,  but  in  December  I  eoulil  not  identify  the  S|iot.  a  frrshrt 
which  had  occurred  having  left  u  slight  (le|KMit  euverinj;  it  up. 
My  qiuirrymaii  subsequently  attcertaiiied  ita  potsitiun,  and  wiU  pant  it 
out  on  my  return. 

The  general  gixdogical  structure  of  the  dLstrict  iu  which  the  quarrr 

Wm  is  very  simple.     It  had  birn  ascertained  in  the  procTPM  iif  ifcie 

S^uney,  orerious  to  my  beconung  acquainted  with  tW  impreaaioiu, 

and  is  alluded  to  in  two  sc)Miratc  llc)><irt»  of  (iiMiogical  Pro^raa  i 

*  See  Annitenanr  Atlilrcit  of  tbr  Pretidonl,  I8SI,  p.  I*ii  i  taA  i^m,  |k  : 
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sented  to  the  Provincial  Govcniment — those  for 
IWj-C  mid  1817-S.  From  these  and  from  the 
distribution  of  the  rocks  in  New  York,  as  map- 
ped and  published  by  the  State  Survey,  the 
strueture  will  be  easily  understood.  In  Canada, 
a  formation,  eonsbting  of  gneiss  and  interstrati- 
fied  crj'Stalline  limestone,  sweeps  through  the 
pronncc  on  the  north  side  of  the  St.  Lawrence 
and  its  lakes,  from  Lake  Iluron  to  Labrador. 
Below  Caj)e  Tourment  its  southern  Urait  lies 
close  upon  the  river,  but  above  the  Cape  keeps 
at  a  variable  distance  from  it  in  all  parts,  with 
the  excejitioii  of  the  Thousand  Islands,  below 
Kingston,  where  the  gneiss  crosses  the  river  to 
fonn  n  Junction  with  a  great  peninsula-shaped 
area  of  the  same,  lying  between  Lakes  Cham- 
plain  and  Ontario.  Upon  this  formation  along 
Its  whole  contour  rest  the  Lower  Silurian  <le- 
posits,  the  base  of  which,  in  the  district  more 
immediately  retjuiring  descri])tioii,  makes  an 
elbow  at  the  division-line  between  the  counties 
of  Franklin  and  Clinton,  in  New  York,  not  far 
from  (he  northern  limit  of  the  State,  where  the 
deposits  turn  from  the  valley  of  the  St.  Law- 
rence to  that  of  Lake  Chamjdain,  the  dip  on 
one  side  of  the  turn  being  to  the  north-west, 
and  on  the  other  to  the  east.  In  the  Canadian 
distribution  of  the  same  depo.sits,  after  following 
the  valley  of  the  St.  Lawrence  from  Cape  Tour- 
ment to  St.  Jerome,  with  a  south-easterly  ilip, 
they  turn  to  that  of  the  Ottawa  with  an  east  of 
south  dij),  forming  a  less  acute  elbow  than  the 
fomier,  with  a  contrary  bend.  These  two  elbows 
are  directly  opjiosite  to  one  another,  and  the 
distance  between  them,  from  the  gneiss  on  the 
one  side  to  the  gneiss  on  the  other,  is  about 
fifty-eight  miles,  and,  as  might  be  anticipated 
from  the  arrangement,  a  flat  saddle-shaped  anti- 
clinal form  (the  dip  being  evcrvwhere  very  small) 
extends  between  them  ;  it  bnngs  to  the  surface 
a  long  belt  of  the  Potsdam  Santlstonc,  which 
runs  upon  it  fttr  forty  miles,  until  meeting  with 
a  protruding  mass  of  gneiss  in  Mont  Calvaire, 
which  it  surrounds.  This  belt  is  flanked  on 
either  hand  by  the  Calciferous  Sandstone  and 
Trenton  Limestone,  the  latter  containing  abun- 
dance of  characteristic  fossils,  such  as  Chtetites 
petropolitanut,  Lepteena  aericea,  L.  tleltoiilea 
or  eutjlypha,  Orthii  teatudinaria,  Spirifer  lyiix, 
Calymene senaria ,     The  beds  iu  wliich  the  track 
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oeeora  are  m-arly  Sat ;  they  havi-,  however,  «  dip  to  thr  Mtftward. 
which  IB  toward^  the  limestone,  the  nearest  development  of  which  i» 
ahout  a  mile  distant.  Near  Beaulianiois  the  breadth  of  the  FotMlom 
belt  is  olraut  five  miles,  and  from  this  position  it  gradually  widnui 
to  the  southward,  the  rock  being  traceable  by  many  exposures,  mitae  ( 
of  them  of  considerable  extent,  on  the  one  hand  all  the  way  to  Km*- 
ville,  where  it  holds  Lingula  antiqua,  and  on  the  other  to  Potsdam 
and  farther  to  Uammond,  where,  as  well  as  at  Alexniidria,  Liitgmlm 
prima  is  met  with,  thesir  Lini/ul<e  being  hitherto  riiiwiilered  tlu; 
ancient  evidences  of  organic  life  in  America. 


4.  Dkscription  of  thr  Impressions  on  thr  PirruMM  I 
dUcovereil  by  Mr.  Logan  •'«  Lower  Canad.i.     BrProf.  Owsir.^ 
F.R.S.,  G.S. 

The  evidence  of  the  track  and  foot -prints  gubmittrd  (o  my 
nation  by  Mr.  Logan  consists  of  a  slab  of  the  sandstone  with  etKbtnn 
impressions  of  the  right  fore  and  hind  feet,  and  ten  of  the  left  fone 
and  hind  feet,  with  a  faint  trace  of  a  broad  track  between  thrm, 
of  six  casts  in  plaster  of  Paris  (each  cast  bring  twmty-Nx  tnrhn 
by   fifteen  inches)   of  successive  portions  of  the   iropres«cil   rocli. 
and  each  east  exhibiting  from  twenty-six  to  twenty-eight  impmaooa 
of  l)oth  the  right  and  tlie  left  feet,  with  the  bro«d  anil  shiUkm  aM>- 
dian  channel  better  marked  in  most  of  the  casts  than  uii  thr  pacta 
of  the  sandstone.     The  succeiwive  foot-prints  nre  mon"  nnnicnHW 
any  which  Imve  l)een  previously  discoveretl,  nnd  the  circumstance  tt 
the  corresponding  prints  recurring  at   regitkr  intervals  afToriia  thv 
■trongMt  proof  oi  their  having  Iwrn  made  by  succesisive  steps. 

The  foot-prints  ore  in  )>»irs,  and  the  pairs  extend  in  two  parmllrl 
aeries,  with  the  chaimel  exactly  midway  In-tween  the  right  moA  \ett 
series. 

Die  outer  impression  uf  c«rh  pair  is  the  larwst,  being  about  aa 
inch  in  diameter,  and  is  commonly  a  little  wiind  tlie  inner  oar, 
«  hich  is  about  eight  lines  ia  diameter.  Both  are  short  in  propoctiaa 
to  their  breadth,  with  faint  indications,  in  some,  of  dtrisioni  at  thdr 
fore-part. 

The  two  prints  forming  the  pairs  here  and  there  are  oonflocnt  ar 
touch  each  other,  but  are  commoulv  from  four  to  six  lines  anart ;  tod 
thr  pain  of  the  same  side  succeed  each  other  at  interrau  Tai3riaK 
firom  oiu*  inch  and  a  half  to  two  inches  and  a  halfa  the  *''-"'r''t  d^ 
stance  being  altont  two  inches.  The  intenal  betwoan  tlia  tidhftad 
left  pairs,  niensurcd  from  the  inner  Ixirder  of  the  small  prints,  tstkrar 
iiichi«  and  n  bnif,  and  from  the  outer  Imni-r  of  the  large  prists  b 
Seven  n\ches.     The  median  track  is  one '.  quarter  IB  bfcadlli, 

and  sinkx  altout  iwo  lines  below  the  suria  detpsat  ionirraarf ; 

varviiig  in  ilepth,  luit  not  in  its  r\'lativc  poaitiuu  to  tM  licbt  and  bft 
foot-printA  ;  and  U-ing  deepest  where  the  pairs  of  fiiot-prala 
Buent  and  at  shortest  iutcrvsls ;  at  which  parts  the  m«Iian 
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is  seen  t«>  sink  down  more  steeply  at  its  sides  than  towards  the 
bottom. 

The  inference  to  be  deduced  from  the  above  characters  is,  that 
the  impressious  were  made  by  a  quadruped  with  the  hind  feet 
larger  and  somewhat  wider  apart  than  tlie  fore  feet :  with  both  hind 
and  fore  feet  either  very  short,  or  prevented  by  some  other  part  of 
the  animal's  structure  from  makuig  long  steps  ;  and  with  the  limbs 
of  the  right  side  wide  ajiart  from  those  of  the  left. ;  consequently 
that  the  quadruped  had  a  broad  trunk  in  proportion  to  its  length, 
supported  on  hmbs  either  short  or  capable  only  of  short  steps,  and 
with  rounded  and  stumpy  feet,  not  provided  with  long  claws.  There 
are  faiut  traces  of  a  fine  reticulate  pattern  of  the  cuticle  of  the  sole  at 
the  bottom  of  some  of  the  foot-prints  on  the  portion  of  sandstone  ;  and 
the  surface  of  the  sand  is  generally  smoother  there  than  where  not 
impressed,  whicii,  with  the  rising  of  the  sand  at  the  border  of  the 
print.s,  indicates  the  weight  of  the  impressing  body.  Tlie  median 
impression  may  be  inteqireted  as  due  either  to  the  abdomen  or  the 
tail  of  the  animal.  If  to  the  latter,  the  tail  must  have  been  very 
thick,  more  depressed,  or  flatteued  horizontally,  than  rounded,  and  not 
compressed  or  carinate  below,  iis  in  the  tails  of  the  Crocodilia  and 
aquatic  Datrachia.  From  the  brea<Jth  of  the  imfiressiou  a  correspond- 
ing great  length  of  tail  might  be  inferred  from  the  analogy  of  the  Rep- 
titia  ;  yet  there  is  no  indication  of  any  bending  or  movement  of  such 
a  tail  from  side  to  side ;  and  an  adcUtional  element  for  guiding  our 
choice  from  the  two  hypotheses  of  the  cause  of  the  median  track  is 
afforded  by  the  fact  that,  throughout  the  great  length  of  the  trail  of 
the  quadrujied,  as  exhibited  by  the  plaster-casts,  the  nie<han  track 
never  curves  ui  any  degree  nearer  to  the  right  or  the  left  foot-prints, 
but  preserves  an  exact  mid-fUstaiice  between  them. 

As  the  shape  of  the  body  and  the  nature  of  the  limbs  indicated  by 
the  foot-prints  accord  l)est  witli  those  of  the  C'helonian  reptiles  of  the 
'estuary,'  'fresh-water,'  or  'land'  families, — the  shape  of  the  foot- 
iprints  beuig  decisive  against  the  marine  species, — the  median  groove 
may  have  been  scooj>ed  out  of  the  soft  sand  by  the  hard  and  promi- 
nent meiUan  surface  of  a  plastron.  If  this  were  so,  it  may  be  in- 
ferred that  the  species  was  a  fresh-water  or  estuary  tortoise  rather 
than  a  land-tortoise,  the  true  Tentiiflinet  carrj'ing  their  trunk  liigher 
when  they  walk  than  the  more  depressed  Emydet  do,  and  some 
of  them  having  the  plastron  concave  on  its  under  surface  ;  whereas 
lin  the  flatter  Emt/i/e»,  as  e.  g.  Emyx  itpeciosa,  the  middle  of 
'  the  fore-j)art  of  the  plastron  projects  :  and  I  am  disposed  to  infer 
a  ])lastron  to  have  made  the  imi>ressioii  rather  than  a  tail,  not  only 
from  the  shape  of  the  impression,  and  its  constant  relative  ])osition 
pt<J  the  legs,  but  also  from  the  fact  of  its  being  deepest  where, 
'  from  the  more  confused  or  crowded  groupuig  of  the  fwjt-prints,  the 
animal  a])[)ears  to  have  bwn  moving  more  slowly  or  restmg :  where 
the  foot-prints  are  better  defined,  and  indicate  a  steady  rate  of  pro- 
gress, the  meihan  impression  is  fainter,  as  if  the  trunk  had  been 
ib<'ttcr  lifted  from  the  ground  :  and  I  mav  remark,  that  the  difference 
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ill  the  size  of  the  fore  and  hind  (ret  is  such  as  we  find  in  Kme  enit* 
ing  Terrapenes,  e.g.  the  Emy»  grographica. 

The  more  obvious  infcreuces  are  tlie  same  which  are  dedudblc 
from  other  foot-priiits  in  sandstone,  \\i.  that  the  annual  wiiirh 
made  them  was  walking  in  air.  In  the  present  iiutance  it  is  plain 
that  they  were  not  leil  by  an  amphibious  fish,  such  as  the  saud-hupuii^ 
LophiuLe,  but  by  a  veritable  air-breather ;  and  they  must  lutve  beoi 
made  under  those  circumstances  so  well  explainetl  by  Sir  Cfaariea 
Lyell,  in  his  paper  on  Recent  and  Fossil  Ilaiii-priiits  (eide  nipra),  u 
being  essential  to  their  preservation,  viz.  on  an  extent  of  sandj  aman 
lying  between  high  and  low  water  mark. 

Amongst  the  air-breathing  classes  of  I'erlebrata,  the  shortiiMi  of 
the  steps  and  the  median  track  of  the  impressions  in  question  point 
plainly  to  the  Reptitia  ;  and  here,  from  the  breadth  and  shortoewof 
the  body,  our  choice  lies  between  the  Batrackia  and  Chelonia  ;  wid, 
on  the  groiuids  assigned  iu  the  bImvc  description  of  the  tracks,  I  in- 
eline  to  refer  them  to  n  s|M'cie8  of  Terrapenc  or  Emydian  Tortoiac. 
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THE  GEOLOGICAL  SOCIETY. 


May  14.  185L 

Samuel  J.  Mackie,  Elsq.,  was  elected  a  Fellow. 

The  following  communications  were  read  : — 

J.  On  Ihe  Distribution  of  the  Flint  DaitT  of  the  South-east 
of  England,  on  the  Flanks  of  the  Weald,  and  oeer  the 
Surface  o/" /Aff  !!»<)t:TH  anrf  North  Downs.  Bv  Sir  Roderick 
Impey  Murchison,  G.C.St.S.,  F.R.S.  G.S.  &(•! 

[This  jiaper  will  ap)>car  in  the  next  Part.] 


2.  On  a  Deposit  ut  Folkestone  containing  Bon F.sq/* Mammalia. 
By  Samuel  J.  Mackie,  Es((.,  F.G.S. 

i  The  liigh  ground  of  the  Lower  Greensand  at  Folkestone  forms  a 
gently  inclined  ])lain,  stretching;  inland  ns  far  as  the  hills  of  the  Chalk- 
escarpment.  Between  this  iilnin,  which  constitutes  the  West  Cliff,  and 
the  East  Cliff  or  Copt  Point,  there  is  a  valley*,  from  10  to  1)0  feet 
deep,  iu  which  a  considerahle  [lart  of  the  Old  Town  in  huilt,  extend- 
ing in  a  cnrung  direction  through  the  vilhige  of  Ford  (at  which  place 
tit  is  crossed  by  the  viaduct  of  the  South  Eastern  Railway)  towards 
*  See  View  of  Folkestone  in  Dr.  Fittou's  Section  of  the  Cuaat,  Trans.  Geol.  Soo. 
K.  S.  vol.  iv.  PI.  8. 
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the  escaruraent  of  the  hills,  which  skirt,  as  it  were,  the 
plain  of  the  West  Cliff. 


Fig.  1. — Plan  of  a  part  o/ the  Town  of  Folketton«. 


I  ml  Mr.  Cnxfanl>i  kan 

«.  iMrtuii  ":  <isv*l,  ufvmA  M 

4,  SMios-i        '  '   MiU. 

••  SadiflB  otf  like  Ikiuc-bcU  at  Lhc  Tuwn  ^»cf  oa  tb«  BagrW. 

tW  ihadid  padga  of  tk«  Ii«r1«  tadicmta  Ike  omt  af  Om  ■oac.b*^ 


At  the  souih-ooiitcm  coniiT  uf  this  plain  (at  ancltnttiea  of  IIOl 
feel  alxtve  low-watcr-mark)  oa   the  top  of  the  W«t  CGff, 
(he  Bnlicn',  aud  lying  inimediatelv  on  the  upper  bnli  of  (he  Low 
Oreeusand,    which   are  of  loose   disiutecrated   Mnd,   is  a    ' 
ifrom  1  tu  !)  feet  thick,  cooaiatiug  of  flint  pebbles  nd 
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the  forniM-  are  small  and  round,  the  latter  generally  angular  and 
slightly  worn.  With  these  are  associated  fragments  of  compact 
ferruginous  sandstone,  and  the  whole  is  intennixed  with  loamy 
sand  and  calcareous  gritty  Tnarl.  The  rnnri,  for  the  most  part,  forms 
the  upper  portion  of  the  bed,  which  extends  on  the  face  of  the  cliff 
for  a  distance  of  320  feet.  The  bed  may  lie  here  seen  following  the 
irregularities  of  the  uneven  surfaee  of  the  rock  on  which  it  rests,  and 
distinctly  displaying  the  variations  in  its  thickness  (see  fig.  2). 

It  contains,  generally  in  the  lower  i)art,  n  considerable  number  of 
the  remauis  of  Elephant,  Ok,  Stag,  Hyienn,  Hippopotamus,  Irish  Deer, 
&c.,  and,  in  the  marly  (lortion,  numerous  specimens  of  two  or  three 
species  of  Helix*  :  no  ttuviatile  molluscs  have  hitherto  been  observed. 

The  Bones  and  Shells,  however,  are  found  both  in  the  gravel  and 
in  the  calcareous  marl  above  it. 

This  bed  appears  to  be  cut  off  by  the  valley,  previously  referred  to, 
towards  which  it  thins  out  altogether ;  and  no  traces  of  organic  re- 
mains have  been  found  on  the  cast  side  of  the  town.  On  the  west 
it  thins  off  beneath  a  bed  of  dark  brown  clay,  much  resembling  the 
superficial  brick-earth  that  is  found  on  the  surface  of  the  plain,  and 
at  many  places  in  the  neighbouring  country. 

The  shiuled  portion,  coTnprising  the  Bayle  and  the  Battery,  on  the 
accompanying  plan  (fig.  1)  shows  the  extent  of  the  deposit,  as  above 
described.  But  its  distribution  is  nuich  more  extensire,  if  we  regard 
this  bed  as  being  intimately  connected  with  the  flint  and  iron-sandstone 
Drift  which  covers  the  tops  of  the  Chalk-hills,  and  with  the  Brick-clay 
found  on  the  Gault  and  Greensand  plaiu  on  which  this  Bone-bed  lies. 

Pig.  2.— Section  of  a  part  of  (he  fFett  Cliff,  Folkestone. 


Length  of  lection  175  feet;  height  SO  feet. 


Lower  Gnen«and  in  situ. 


a.  Brick-ctrtli. 

4.  CftlcmreoOA  m«rl  with  SnuU-ihell* l  Bone 

e.  Flut-p^vcl  and  fuTuginoua  (pit,  with  •  few  Oault  nodulea.    CoDUiiu  bones  of  Hunnulim.  /  Bed. 
d.  Vegeuble  mould. 

The  Section,  fig.  2,  represents  the  "  Bone  Bed  "  as  seen  on  the  face 
of  the  West  CUff  (see  Plan) ;  and  the  Section,  fig.  3,  taken  at  a  right 
•  First  observed  by  Mr.  J.  Morris,  F.G.S. 

t2 
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angle  to  the  foregoing,  was  exposed  in  the  excavation  for  Mr.  Crtx- 
foi^'s  House.     (See  Plan,  fig.  1,  a.) 

Fig.  3. — Part  of  the  Section  expmed  in  digging  the  foundation  of 
Mr.  Craifetrir »  lloune. 

Length  35  feet ;  height  14  feet.    The  lias«  at  the  Section  ia  od  the  Road,  105  lert 
above  Ion- water  mark. 


l-ad 


BUck  cortli,  rontsjning  booca  of  CvmU  lupttt  and  SIh  ter^fm, 

knil  irott  ftnn*  ?     d  lerl. 
A.  Caltxrootu  Mwdv  xnui. 
e.  Lower  portion  a  Uw  Mime,  with  flint  and  far>  *]  Mwkcd  «-il])  winy 

nigijKMu  MBdatane  bouidcia  and  pcfatdci,  >     fSauum,  andns 

both  angular  and  round.  J      of  Jlamaiaha 

d.  Lower  GtrenaaodiN  lifw. 

Tlie  whole  of  the  "Bone  Bed"  appears  to  have  bocn  »iibj« 
to  the  action  of  water,  as  the  flints  and  grit-bonldcrs,  alihnugh  an- 
gular, are  partially  worn,  and  the  cholk-nodulet  and  iu>ftrr  |K-I>blr* 
are  completely  rounded ;  the  stratification,  also,  of  the  marl,  natiJ. 
and  boulders  follows  the  irregularities  of  the  Lower  Grew 
which  they  rest. 

Tlicre  is  no  evidence  that  this  dcjiosit  was  of  marine  ori|i^n, 
remains*  nut  having  been  found  in  it ;  on  the  other  hand,  the 
of  Mammals  and  the  Snail-shells,  with  which  it  almunds,  woobl  !■• 
dicate  its  Huviatile  or  lacustrine  oripu. 

The  presence  of  a  hrtvcia  of  chalk-tlints,  if  so  it  mav  be  termctl,  at 
this  8p>t  is  somewhat  singular,  no  flinty  chalk  Oi-cnrririp  ~'  "  '-*• 
distance  than  six  miles  tu  the  north  or  east,  and  the  grey  eh. 
between  lluit  member  of  the  Cretaceous  group  and  the  "  Uoue-<i<rj  ,»«:>.. 
and  forming  the  highest  ground  of  the  whole  di.strict. 

The  finer  )>ortions  of  calcareous  marl  and  loam  would,  to  a  (^rrat 
extent,  aj>pear  to  have  been  derived  from  the  waste  of  ilu-  Chalk,  thr 
marl  possessing  all  the  usual  mineral  characters  of  :tui ' 
and  I  have  also  found  the  little  Terrhralula  rigiJa,  so 
of  the  Chalk,  in  the  sandy  loam.     A  microscopic  investi 
this  view  still  ftirtber,  and  favours  al.«o  the  iflea  of  the  i 
tity  of  age  and  origin  of  tlic  Boue-hed  with  the  Briek-claY  an 
the  calcareous  marl  of  the  first-immed  depmit  abounding  wr      ' 
mmifcra  and  other  microscopic  organisms,  nuuiy  fomu  of  whirit  ai* 

*  Excepting  foramiaifera,  &c.,  of  the  Chatk,  obviouaijr 
•etioD. 
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immediately  recognized  as  the  ordinary  spedea  of  the  Chalk ;  the 
same  also  being  the  case  with  the  Brick-earth  and  the  clayey  portions 
of  the  Drift. 

Mr.  llnpert  Jones,  who  at  my  request  examined  my  prepared 
"  sUdes,"  as  welt  as  a  small  tjuaniity  of  the  marl  and  brick-earth,  has 
kindly  funiislieil  me  with  the  following  lists. 

From  tlie  Calearcons  Marl  of  the  Uoue-bed  : — 


I 


Prismatic  fragrocnts  of  Inoceramm. 
Fragments  of  Echinodermata. 
Guides  of  Apiocrinitca. 
Values  of  Cytberella  ovata  and  C.  trtin- 

cala. 
Bairdia  subdeltoidea  and  B.  Har- 

riiiaiia. 
Cvtbere  Ililieana  (.=  derivml  from 

Chalk-roarlJ. 


Venieuilina  trienrinata. 

Textularia  globoba,  irochui,  and  others. 

Polymorpliiua  ? 

Bulimina  variabilis  and  another. 

Rosalina. 

Globigerina  cretacea. 

Cristellaria  rotulata  and  another. 

Rotalia  globosa. 

Nodouiria. 

Single  cells,  ovoidal  and  globular,  =  Oo- 

Un«  ?  and  porliotis  of  other  Forami- 

nifera. 

From  the  Brick-earth  of  Gambrill's  Pit,  i  mile  N . W.  of  the  Baylc  :— 

Rotaliie,   KosalinK,  and  single  ovoidal    Helix, 
celts.  Pupa. 

In  the  Drift  of  Folkestone  Ilill,  Chalk-organisms  are  plentifijl. 

Two  excavations  on  the  West  Cliff,  one  for  Mr.  Craxford's  House 
(see  Plan,  tig.  1,  a),  the  otlier  for  the  Town-sewer  on  the  Bayle  (see 
Plan,  tifi.  1,  p),  have  afforded  me  all  my  present  collection  of  bones 
and  shells  from  this  deposit. 

Litt  of  the  Organic  Remaiut/rom  the  "  Bone  Bed." 
Bones  and  IIubns.  Megacero*  Hil>emicu«. 

Elephas  primigenius.  Equus. 

llippoiiotamus  major.  HyKua  spehea. 

Bos  pri:iiigeuius. 

UrUS.  SHELLS. 

longifrons.  Helix  nemoralis. 

Cervus  elephas.  coneinna. 

Prof.  Owen  kindly  inspected  and  determined  a  large  collection  of 
the  bones  exhibited  to  the  Society,  The  list  comprises  also  some 
other  speciiiieiis  determined  by  11.  Tiirner,  jnn.,  Esq. 

The  Drift  and  Brick-earth. — The  probable  relation  of  the  mam- 
maliferons  deposit  above-described  with  the  Drifl  -was  suggested  to 
me  by  Sir  lloderick  I.  Murchison, — the  occurrence  of  angular  Hints 
being  singularly  characteristic  in  both  cases,  to  which  fact  the  follow- 
ing example,  fig.  4,  one  out  of  the  many  that  could  be  given,  has 
especial  reference. 

The  sections  of  Drift  and  Brick-earth  everywhere  in  the  neighbour- 
hood and  at  every  elevation  from  -10  to  J70  feet  above  the  sea  present 
this  peculiar  feature. 

I  would  briefly  observe  that  at  Mr.  Gambrill's  Brick-Pit,  at  the 
back  of  Sandtield  N'illas,  on  the  west  side  of  the  valley  and  inland  of 
the  Bone-bed,  there  is  a  tliickness  of  Ij  feet  of  clay,  through  which 
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run,  at  Hhort  distances  apart,  tliiii  layers  of  smalt  pirces  of  flnit  aad  { 
ferruginous  grit,  termed  "roach"  by  the  workmen,  and  from  th* 
lowest  seams  of  which  1  have  a  fragment  of  bone  (Horsr),  ftmnd  by 
one  of  the  labourers  in  digging  the  brick-earth. 

Fig.  4. — Section  of  the  Brick-earth  at  London  Street. 
Lengtb  HO  fret;  lieiglit  17  ftet 


n.  Allavium. 

6.  Brick  earOi. 

r.  ADfcular  tUnl  drift. 


} 


9.   Low  GmnM. 


The  lower  portion  of  this  clay  contains  abuudautly  \m 
water-shells,  namely : — 

Helix  coucinni.  Sucdnea  obloDga. 

Pupa. 

hi  a  distance  of  about  70  feet  to  the  north  of  this  pit,  the  Lower 
Greeneund  is  found  (at  the  side  of  the  road  leading  to  Ford)  cmlj 
•t  feet  from  the  surface, — yhowing  the  face  of  the  grveusaail  a^wnal 
which  the  briek -earth  there  abuts  to  be  very  steep. 

I  mav  add  that  I  have  the  autler  of  a  Deer  from  th«  New  Knerrair 
of  the  t\'8ter-works  at  the  Cherry  Garden,  N.N.W.  of  the  Bayle  (at 
an  elevation  of  '_'32  feet),  the  core  of  a  horn  of  Bon  vnu  from  an  n- 
ravation  at  the  corner  of  Darlington  I'lace,  \  mile  N.  of  the  Town 
Hall,  near  the  Viaduct  (elevation  I3H  feet),  and  that  a  large  fragBait 
of  a  Cetacean  bone  is  in  the  fK>sses!iion  of  William  liatnuan,  J<Bk. 
Esq.,  of  this  town,  who  obtained  it  of  one  of  the  workmen  mipkijni 
at  Porter's  Saw  Mill  (elevation  .'it)  feet),  *<•«•  Pbin,  fig.  I,  i/;  but,  aat 
having  been  present  at  any  of  these  excavations,  1  coutiot  italr  tbr 
mineral  characters  of  the  beds  in  which  they  were  found  ;  in  the  lait 
two  cases  I  believe  them  to  be  the  ordinary  brick-earth. 

I  have  digreH!<ed  tlius  tar  from  my  pro)H-r  subject,  ihinkiiig  tb» 
above  facts,  with  my  discovery  of  the  microscopic  ornninM  of  tW 
Chalk  in  the  itonc-lM-d,  DriA.  and  Urick-clay,  would  tudicMC  mmmm 
relation  between  these  three  de|H>Aits,  and  MTveto  determine  io  aomr 
nieakure  the  probable  e|ioch  of  the  format iou  of  the  Bed  to  whkb  ttu* 
pa|KT  refer*. 
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May  28,  1851. 
The  following  communications  were  read : — 

1.  On  the  Geological  Structurk  of  the  Mountain  Range  of 
Western  Persia.  By  William  Kennett  Loftus,  Elsq.,  F.G.S. 

[In  ■  letter  to  J.  S.  BowerlMnk.  Em|.,  F.G.S.] 

Few  mountain-regions,  perhaps,  exhibit  such  uniformity  of  stnictnre 
as  the  Tagros  Range.  Here  the  direction  of  the  great  chains  is  gene- 
rally from  south-east  to  north-west,  the  Tagros  consisting  entirely  of 
a  succession  of  limestone  saddles  which  extend  in  parallel  lines  for 
many  miles,  the  troughs  between  behig  filled  with  much-contorted 
beds  of  gypsum  and  variegated  marts.  No  fossils  whatever  are  foimd 
in  these  gypsum-beds,  but  in  the  limestone  are  sparingly  scattered 
Ottro'tr,  Biirrina,  Numinulites,  and  Echini,  of  tertiary  forms,  as  far  as 
I  am  able  to  judge  ;  but  the  rock  is  so  crj'stalline  that  it  is  impossible 
to  procure  a  single  specimen  exhibiting  any  decided  character.  The 
bed'*  below  tlie  limestone  are  rod  chert-conglomerates,  sandstones, 
and  blue  shales.  At  Khorramabad  the  Yaflali  Kuh  rises  abruptly 
from  the  plain  and  consists  of  grey  cherty  limestone,  abounding  with 
tiiiek  bed?  of  flint,  which  I  am  iuclineil  to  believe  belong  to  the 
Chalk-formation,  although  fossils  are  entirely  wanting.  On  the  eastern 
side  of  the  Tagros,  as  far  as  the  base  of  the  Kuh  Elwend,  the  serrated 
peaks,  which  rise  from  these  high  table-lauds  and  form  picturesque, 
although  by  no  means  magnificent  scenery,  are  of  hard,  compact,  and 
crystalline  blue  hmestonc,  containing  a  few  of  the  same  fossils  as 
before.  This  rests  unconformably  on  beds  of  yellow  slaty  limestone, 
which  again  rest  upon  clay-slates.  At  Kidi  Elwend  these  clay-slates 
are  raised  into  a  vertical  position  by  felsjiathic  granite,  which  consti- 
tutes the  axis  of  the  chain.  Beds  of  mica-schist  are  also  found  in 
conjuiR-tion  with  the  clay-slates.  From  Ilamadan  to  Isfalian  the 
order  is  as  follows  (descending)  : — 1.  blue  Umestone,  much  contorted  ; 

2.  yellow  calcai-eous  slates  ;  and  3.  day-slates. 


2.  On  the  Remains  of  Fish  in  the  Silurian  Rocks  of  Great 
Britain.     By  John  William  Salter,  Esq.,  F.G.S. 

A  BELIEF  in  the  existence  of  Fish-remains  in  the  older  members  of 
the  Silurian  system,  as  well  as  in  newer  deposits  of  that  period,  has 
of  late  years  grown  j)revalent  in  this  coimtry,  and  has  attracted  con- 
siderable attention.  The  statements  put  forward  in  the  session  of 
lH4fi-7  by  two  of  our  leading  geologists  as  to  these  remains  having 
positively  been  foiuid  in  these  lower  strata,  by  Professor  Sedgwick  in 
South  Wales,  and  by  the  collittors  of  the  Geological  Survey  in  North 
Wales,  added  to  the  fact  of  Professor  M'Coy  havuig  previously  de- 
scribed a  tish-scale  from  the  Silurian  rocks  of  Waterford,  appear  to 
give  a  sufficient  basis  for  this  opinion.     It  has  now  assumed  a  definite 
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ghnpe,  and  furnished  the  materials  for  a  tabular  view  of  the  siiccnsTi 
appearances  of  fish,  given  iu  Mr.  Uugh  Miller's  work,  rutitled  "  Foot- 
prints of  the  Creator." 

As  the  well-deserved  reputation  of  this  eloquent  author  will  give  ■ 
wide  currency  to  his  book,  it  is  desirable  to  explain  the  nature  of  the 
evidence  on  xvhicli  these  statenienta  rest,  and  I  am  the  more  called  on 
to  do  80,  since  for  two  of  the  instances  above-mentioned,  vlr.  with 
regard  to  North  and  Sonth  Wales,  I  am  iuiUrt'ctlv  responsible. 

During  the  summer  of  18l(i  I  was  engaired  in  exaiiiitiing,  for  the 
Geological  Surrey,  the  fossils  along  the  Siluriiut  frontier  in  South 
Wales,  and  I  had  the  pleasure  of  nieetiiig  Prof.  Se<lgwick  at  Llaudeilo, 
and  visiting  several  of  the  localities  with  him.  Uuriug  one  of  hiit 
excursions  he  obtained  a  slab  of  the  Llaudeilo  lirnc-fnui-.  niiou  which 
there  lay  a  compressed  and  tapering  fos.sii,  loii.  'icd,  and 

bearing  so  much  general  rescinl)lance  to  the  (!•  h-  callinJ 

Onchut,  that  I  at  once  named  it  so  ;  nor  were  we  at  that  time  (lisiJOoetl 
to  question  its  probabihty,  since  we  were  both  labouring  under  the 
mistaken  impression  that  these  flags  occupied  a  higher  nositioii  tluu 
had  been  assigned  them,  and  that  they  were  but  little  below  the 
parallel  of  the  Wcnlock  Shale.  And  in  the  winter  of  that  ye»r  Hitif. 
^dgwick  advocated  this  view  in  a  paper  ri-ml  before  the  Society,  ai>d 
announced  the  (Uscovery  of  "  defences  of  fishes  "  in  the  I'pper  Llao- 
ilcilo  Flags  of  South  ^^  ales. 

During  the  same  year  the  Geological  Surtnors  were  at  Bah,  ia 
North  Wales,  examining  the  localities  which  IibjI  been  noticed  by  PraH 
Sedgwick  in  his  paj)ers  on  that  country,  and  making  rough  catalogue* 
on  the  spot  of  all  the  fossils  met  with.  Amungtt  them  oecurreil  a 
fragment,  cur^'ed  like  some  OhcM,  and,  like  the  Llaudeilo  one  U-fore 
iiuticod,  striated  lengthwise.  This  fragment  also  wa»  entered  in  oar 
rough  catidogues  as  a  fisli-defeiuv  ! — the  analogj-  of  course  being  man 
reaiJily  [K-rceived  from  (he  fact  of  having  ouly  a  few  weeks  b«'for»  k«i 
what  was  believed  to  be  an  Ichtli_\olite  from  beds  of  the  same  a|^. 
This  specimen  also,  like  the  former  one,  was  ouly  e\irsi)rilv  examined. 
It  was,  however,  mentionetl  iu  conversation  to  Sir  H<Hlen<'k  .Murchi- 
son,  and,  in  a  Memoir  on  the  Classification  of  the  older  lUieki^ 
read  before  the  Society  January  IHI7,  he  used  it  as  an  argument  for 
the  union  of  the  fossUilerous  rocks  of  .North  Wales  with  the  Ix>wrr 
Silurian  *, — a  jwmt  now  perfectly  establish<Hl  on  »)ther  grtiuud*. 

But,  on  esamiuiug  iu  London  the  s|>eoimen8  collected  at  Bala,  I 
found  that  the  sup|>osed  fish-sjiiue  was  in  reality  half  the  RMtnl 
shield  of  a  Trilobite  coTnmoii  xhvn;  the  Ultexus  Dari-ni,  and  thai  it* 
resemblance  to  an  Onchu*  was  due  merely  to  its  being  broken  in  half 
and  obfcurcd  by  stone. 

The  Bala  fisd  Wing  thus  disposed  of,  the  probability  of  the  Lka- 
dcilo  one  being  equally  spurious  became  manifest ;  and  1  was  not  it 
all  Nuq)rise(l  to  find  it  descrilx-d  last  vcar  by  Prof.  .M'Covf  as  a  wem 
gmiix  of  .\«teroid  Zoophyte,  probably  allied  to  the  "  (ilaca-pbol,'' 
and  under  tlie  name  I't/ritonrma  fatriritlH*.     At  IVof.  M*CbT  bJM 

*  (Jiurt.  Jnuro.  Geo).  Sor.  loL  iii.  p>  1 76. 
t  Aon.  &  Uig'  N.  H.  Ser.  2.  ToL  Ti  p.  373. 
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fully  described  and  figured  it  in  the  Ist  part  of  the  "  Catalogue  of  the 
Woudwardian  Muaeuni,"  just  published,  it  is  unnecessary  to  speak 
more  of  it  here,  exct-pt  that  1  have  examined  it  at  t-'anibridgc,  and 
quite  agree  with  him  in  rejecting  it  from  the  class  of  Fishes. 

That  the  existence  of  lish  in  these  early  deposits  has  gained  general 
credence,  is  evideiuTd  not  alone  by  the  work  of  Mr.  Miller,  cited 
above.  Alcide  U'Orbigny,  in  his  ' Cours  Eli'inentaire  de  Pak'ontologic,' 
published  in  18-1!I,  refers  to  one  species  of  the  Cestrae'wniiltB  in 
the  tfaije  Si/iirien,  which  in  his  scheme  incluiles  only  the  Lower 
Siluri.-iii  rocks  of  English  geologists  ;  and  in  his  table  of  the  distribution 
of  families,  the  Cenfracionu/tc  make  their  first  appearance  in  the 
Silurieit  iiift'rieur,  and  continue,  althoiigh  in  smaller  numbers, 
through  the  itage  Murchi»onien,  or  Upper  Silurian.  Ue  has  siuce 
repeated  this  table  in  the  '  .\unales  des  Sciences'  for  1850. 

As  Mr.  Miller's  work  also  gives  currency  to  the  idea  long  held  by 
Prof.  Sedgwick,  as  well  as  by  other  geologists  and  myself,  viz.  that 
the  Bala  limestones  lie  below  the  rocks  of  Plynlimmon,  and  these 
again  beneath  (he  Llaudeilo  flags  of  South  Wales,  it  may  be  well  here 
to  refer  to  the  ]>aper  by  Prof.  Ramsay,  in  vol.  iv.  of  the  Quarterly 
Journal,  p.  '2!)1,  in  which,  as  the  re.iult  of  the  observations  of  the 
Survey,  tiie  contemporaneity  of  all  these  beds  is  directly  stated  or 
implied.  Although  the  Bala  limestone  itself  cannot  be  traced  into 
South  Wales,  tliere  is  a  peculiar  and  very  constant  band  of  sandstone 
and  conglomerate,  occurring  at  several  hundred  feet  above  it,  which 
extends  down  continuously  into  Radnorshire,  occupies  many  tracts  in 
the  country  about  Plynliintnon  and  the  central  parts  of  Wales,  ajid 
appears  in  great  force  in  C'aermarthenshire,  at  about  the  same  eleva- 
tion above  the  Llaudeilo  limestone  as  it  does  at  Bala.  So  that,  if  not 
exactly  the  same  catcareona  bed  (and  the  perfect  identity  of  their 
fossil  contents  would  lead  us  to  believe  they  are  the  same),  these  two 
bands  of  litnestone  Ue  on  the  same  geological  horizon,  and  in  like 
maimer  the  rocks  of  Central  Wales  are  proved  to  be  of  eoual  age, 
although  destitute  of  the  calcareous  beds,  and  almost  void  ot  fossils. 

We  may  now,  therefore,  safely  say,  that  in  the  great  Lower  Silurian 
series  there  has  been  no  evidence  published  which  justifies  us  in 
assigning  so  early  a  dale  to  the  class  of  Fishes. 

As  yet  no  remains  of  this  order  have  been  quoted  from  the  Caradoc 
Sandstone,  for  the  scales  of  a  fish,  described  by  Prof.  M'Coy  in  1846 
as  tVom  the  "  Caradoc  Sandstone"  of  Wexford,  lielong  to  the  Llaudeilo 
flags,  and  to  nearly  the  [larallel  of  the  Llaudeilo  and  Bala  limestones. 
And  his  opinion,  expressed  in  a  letter  to  me,  is  at  present  that  these 
so-called  scales  are  plates  of  a  peculiar  Cystidean.  In  this  view  I  per- 
fectly agree  ;  they  are  very  like  some  species  of  tliis  tribe  which  occur 
plentifully  in  South  Wales,  and  he  had  himself,  when  describuig  the 
fossil*,  noticed  their  striking  analogy  with  these  plates,  although 
there  were  still  some  peculiarities  which  mduccd  him  to  refer  them 
provisionally  to  Fish, 

'  Sfiia[>8iii  tif  llie  Silurian  Fossils  of  IreUnil,  {lublished  uuder  the  aiiaptces  of 
U.  Grimtli,  Esq.,  of  Dubllo. 
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Fish  have  been  quoted  from  the  Wenlock  shale  of  the  MolTerns  in 
the  paper  by  Sir  Roderick  I.  Murchison  referred  to  above.  Thi*  wax 
on  tlie  authority  of  Prof.  John  Phillips,  who  At  that  time  thocight  he 
bmi  found  some  minute  remains  of  the  kind,  but  now  distinctly  atatet 
that  be  niitst  not  be  considered  as  authority  for  fish-remainA  in  any 
stratum  older  than  the  upfK-r  beds  of  the  .Vymestry  li  in 

which  he  has  certainly  foimd  them,  as  stated  in  the  seri>i>'  of 

the  Memoirs  of  the  Geological  Survey,  Part  1 .  p.  22ft. 

M'e  must  now  turn  to  the  next  bed  in  succession,  and  to  thr  onW 
authenticated  instance  known  in  Britain  of  Fish  occurring  in  Xhe 
Wenlock  limeiitone.  I  refer  to  the  notice,  first  published  in  the  YAm- 
burgh  Keview  for  July  18-I(j,  of  a  true  Cestruciout  palate  found  at 
Loiigbope,  tiloucestersbire,  by  the  Rev.  P.  B.  Brodie.  Desurous  of 
following  up  this  investigation,  I  have  comuiujiicated  with  that  grutle- 
mon  on  the  subject,  and  he  baa  kindly  given  me  the  fullest  infonna- 
tiou,  and  allowed  a  drawing  to  be  taken  from  this  valuable  spedmra. 
_      .  His  account  of  the  discovery  is,  that  a  friend  of 

Toofh  „fLr<,lnn-wnt  j^j^  interested  in  the  collection  of  organic  w 
t>»hJm,mtinLong-  ,„^„g  ,,m  „^j  ,  practical  grologUt.  found  two 
hupe  I4uarnj.  „f  ,1,^,^^  |^,„j.g  1^;,,^;.  together  niLx.fl  with  Uw 

ordinary  shells  and  corals  of  the  liM.i'  rhe 

Longhope  q\iarrj".     Mr.  RroiUe  vi-r  ,KJt 

with  him,  and  ascertained  the  exact  lucalttT ; 
he  tlien  sent  the  specimen,  here  tigunsl,  to  fcx 
P.  Egerton,  who  at  once  pronounced  it  a  Ccstra- 
ciont  fish,  and  under  that  title  it  was  mentioned 
by  the  writer  iu  the  Ediubur^b  Re\iew.  But 
unfortunately,  as  I  think,  for  il>t  authenticity,  il 
was  found  lying  loose  among  the  debria  of  tlie 
quarry,  not  imbedded  in  the  shale ;  and  it  hai 
such  a  suspicious  resemblance  to  certain  fiab> 
palntej'  which  occur  in  the  Mountain  LinMVtooe 
cpiarries  of  Mitchel  Dean,  not  four  miles  diatant. 
that  I  confess  I  have  the  greatest  iloubl*  aa  to  ila 
origin.  It  is  not  at  all  unlikely  that  iiuarryiMa 
of  Milehel  Dean,  who  pick  uji  these  ahowy  fa^ 
r.  P%n  di  the  nuftrr  ind  sils,  might  l>e  Working  iu  the  l/inighupc  qaanM^ 
«i«,  ntptiiWHl.  ^|,j  j^,^j,  j,jj.,„  ^^„j  ,j|^j^  jHxkets.     The  I 

men  has  been  since  re-examined  by  Sir  P.  Egerton,  and,  as  it  ap 

to  him  to  be  an  uiuli-scribetl  sjiecies  of  the  genua  CoeAhoAtt,  lb* 

question  must  still  remain  o|>en. 

With  regard  to  the  existence  of  Fishes  in  the  Uppennoat  Silarian 
strata  there  can  of  cour»e  Im.>  no  «|uestion.  Thate  dcaeribetl  and 
figured  by  Sir  K.  I.  Miirehisou  from  the  Bone-bed  of  Uw  I'l^ier 
Ludlow  rtx-ks  prove  this  point ;  and  also  that  thcoe  fiihcft  mtxr  of 
the  Placoid  order.  Prof.  Phillips,  in  the  seoond  vofanne  of  iIm 
Memoirs  of  the  tieologtcal  Survey,  haa  alao  notiotd  fmb  InoBrito 
where  this  bone-bed  cuntaius  n'maina  of  t««tb  and  icaln :  aad  haa 
detecttHl  such  fragment;  iu  the  .\lalv(m  region  down  ■•  &r  h  llw 
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upper  surface  of  the  Aymestry  rock.  But  I  liave  his  authority  for 
SAviiig,  that  he  has  never  found  any  traces  that  he  could  rely  on 
below  that  parallel. 

And  in  these  uppermost  strata  they  not  only  occiu"  in  Britain,  but 
in  other  places.  M.  Barrande  is  aiiout  to  [)iiblisli  large  bony  frag- 
ments f»  or  8  inches  long,  obtained  from  the  top  of  the  Silurian 
system  in  Bohemia.  And  the  American  geologists  have  figured  and 
described  large  defensive  spines  collected  in  their  Onondago  and  Cor- 
niferous  Limestones,  and  some  are  mentioned  even  from  the  Oriskany 
Sandstone.  M .  dc  ^'ernouil,  it  is  true,  would  regard  this  last-named 
strntum  as  the  base  of  the  Devonian  system  in  America  ;  but  whether 
this  interpretation  be  accepted,  or  that  which  .seems  most  generally 
the  opinion  in  America,  that  these  rocks  belong  to  the  Upper  Silurian, 
they  do  not  warrant  our  believing  that  Fi--h-remiuus  occur  there  so 
far  down  as  the  parallel  of  our  W'enlock  hmestone. 

But  while  thus  endeavouring  to  show  that  there  has  hitherto  Ijecn 
no  evidence  published  on  wliich  the  existence  of  Fishes  in  the  Lower 
Silurian  can  be  estabUshed,  I  have  a  new  and  very  interesting  fact  to 
communicate  which  makes  their  occurrence  at  this  epoch  a  matter  of 
great  probabilitj".  At  the  same  time  that  the  spurious  fish-defence 
was  collected  by  the  Geological  Survey  in  North  Wales,  certain 
rouiuled  black  substances,  not  above  half  an  inch  diameter,  were 
found  with  it,  which  suggested  the  idea  of  coprolilen.  These  have 
l)ecii  hiuce  niialysed  in  our  laboratory  by  Dr.  Plnyfair,  wlio  found 
them  to  contain  tlie  verj-  large  proportion  of  above  thirty  per  cent,  of 
j)ii(>splinti-  of  litiie.  This,  then,  would  at  once  decide  the  question, 
were  it  not  for  the  occurrence,  in  more  recent  strata,  of  ])hosphatic 
nodules  of  doubtful  origin,  since  no  substance  is  known  at  present 
which  could  yield  so  large  a  quantity  of  this  mineral  exce[it  Ixme,  and 
that  of  vertebrate  animals  ;  while  its  occurrence  in  the  form  of  copro- 
lite  would  |ioint  at  least  (o  Fish  or  some  higher  aiiimnl  as  its  origin. 
But  it  was  of  course  necessary  to  ascertain  whether  the  matrix  was 
inijjregnated  with  the  phosphate  or  not,  since  the  discovery  by  Dr. 
Daubeny  of  large  veins  of  this  substance  in  the  older  slate-rocks  of 
Spain  is  so  well  known.  Dr.  Playfair  has  therefore  analvsed  the 
limestone  of  Ilhiwlas*  near  Bala,  in  which  these  black  bodies  were 
found  ;  but  although  the  rock  is  so  charged  with  organic  remaiiu  as 
to  yield  two  per  cent,  of  animal  matter,  not  a  trace  of  the  phospluile 
|>resentetl  itself.  The  conclusion,  therefore,  seems  almost  inevitable, 
that  animals  of  a  high  organization,  and  most  probably,  therefore. 
Fish,  existed  during  the  dejmsition  of  the  LInndeilo  flags. 

The  point  of  earliest  appearance  of  any  of  the  great  ilivisions  of  the 
animal  kitigduni  is  of  course  a  subject  of  deep  interest  to  the  geologist, 
and  even  more  so  to  the  naturalist.  That  there  has  been  a  gradual 
develo[)ment  of  the  higher  forms  of  life  as  we  ascend  ui  the  series,  at 

*  I  should  like  to  call  tlie  attention  of  geulogisti  and  tonrista  to  thU  remarkaltly 
ricli  lucality,  wliere  certainly  the  rarer  fossUe  of  the  lrf>wcr  Silurian  rock  are  to  \>e 
found  uiure  plentifully  than  in  any  other  locality.  The  entire  pelvis  of  some  large 
Enerinites  woulit  reward  careful  work,  and  (treat  numbers  of  Trilohites,  spiral 
sliellg,  and  Oilhoceraiitct  arc  to  be  met  with.  Cystideans  also  of  six  or  t:<gbt 
specie!!  abound  there. 
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least  in  the  way  of  nddition,  seems  scarcely  a  matter  of  dowbt.  Bat 
the  exact  point  at  which  each  group  began  is  the  iM)int  tri  be  Mcer- 
tained ;  and,  although  tlie  progress  of  research  tins  carried  back 
many  groups  uito  the  older  strata  which  were  formerly  beHercd  to 
have  had  a  shorter  existence,  there  seems  hardly  sutfirient  rvasou  for 
inferring  that  this  may  he  iudeliuitely  extended  to  all  groups,  and 
throughout  all  the  oldest  rocks. 

This  short  notice  is  intended  to  place  upon  a  more  correct  baaa  the 
opinion,  which  still  seems  a  highly  probable  one,  that  Fiolw*  flJBtrf 
ui  the  British  Isles  along  with  the  earliest  fauna,  which  oogaprehcndtd 
a  variety  of  marine  fonus. 


3. 


On  the  Eleratory  Forces  that  rtiiteit  the  M  tl.VKRN 
By  II.  E.  Strickland,  Elsq.,  F.G.S. 


[Tliii  paper  was  withdrawn  by  the  Author,  with  the  penoiiiioB  ot  the  CooacB.) 


June  11,  1831. 

The  following  communicatioiu  were  read : — 

1.  Section  atid  Analysis  o^  Permian  Beds  at  Astlky,  Lancji- 
SHIRE.     By  G.  Wareino  Oruerod,  E«q.,  M.A.,  F.G.S. 

The  Permian  beds,  of  which  the  .\nalvsis  and  Section  are  here  gitvn. 
are  situated  in  the  estate  of  ('olonel  Hosa,  in  .A^tley,  by  the  eaatera 
edge  of  the  Township  of  Bedford,  in  the  Parish  of  Leigh,  in  Sooth 
Lancashire. 

These  beds  were  formerly  workecl  very  cxtensivrlv  as  a  hydraulic 
lime  at  the  place  where  tlu-se  borings  were  taken,  ana  for  thit  purpate 
they  are  still  worked  in  the  neighbonrhoo«l.  A  grncml  description 
of  these  IkmIs,  as  existing  in  South  Lancashire,  is  given  by  Mr.  Biuney 
in  the  '  Transactions  of  the  Manchester  Geological  Societv,'  vol.  I. 
pages  -IS  to  46  and  .'i-t  to  ij(!,  and  also  in  his  |>aper  "On  the  rrlatioa 
of  the  New  Red  SniKhttone  to  the  rnrbuuiferotu  Strata  in  I.ancai«hin 
and  (.'heshire,"  in  (he  Quarterly  Journal  of  the  Geulugical  Socifty, 
vol.  ii.  pages  22  and  23. 

The  fossil  remaiim  here  found  are  the  8anie  as  thote  dneribed  ia 
the  first-mentioned  pa])er,  at  pages  .'il  to  d'i,  and  eooiiat  of  the 
.irinut,  Avicula,  and  other  Magoesian  Limestone  fosiiiLi.  The 
"  Four-foot  (-"oal,"  the  highest  coal  worked  in  this  district,  and  the 
highest  workable  coal  of  the  middle  division  of  the  Lancaniiirf  coal* 
tield,  is  worked  under  the  jdacos  where  the  following  bore-hulen  were 
made.  The  bore-hoK',  marked  B  in  the  following  MCtiaiMi  if  »«'*"*^ 
about  600  yards  to  the  west  of  a  coal-shnf),  U-ing  xnttAjtn  the  itrikfl 
ofxhe  measures  from  the  shatt.  In  this  shaA,  as  I  am  inforaieil  bjr 
Mr^()arlington,  tlic  ( 'oal-Lessec,  the  thickncM  of  the  shales  and  thin 
scan.s  of  coal,  overlying  the  "  Four-fixit  roal,"  is  ;ijil  feet.  The  AUff- 
ne»lui  or  Penniau  beiU  overlie  the  Coal,  and  are  at  the  >h«ft 
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6  feet  in  tliickness.  These  are  overlaid  by  1 5  feet  of  clay  and  surface- 
soil,  making  the  total  depth  of  the  shaft  1 26  yards.  Mr.  Darlington 
states  that  the  amount  aud  direction  of  dip  at  the  shaft  are  tlie  same 
in  the  Coal-measures  and  the  Permian  hcds,  being  about  10"  S.S.E. 
This  pit  is  tht*  most  easterly  point  at  which  the  Magnesiau  Limestone 
has  been  found  in  this  district.  At  tlie  place  where  the  bore-holes 
were  made  the  beds  are  not  exposed  to  view,  so  that  the  dip  at  that 
place  cannot  be  given.  The  surface  of  the  laud  at  the  central  bore- 
hole "  B,"  is  about  '.i  feet  below  the  natural  surt'ace  at  the  pit-mouth. 
The  borings  at  "  B  "  show  surface-soil  and  clay  I  7  feet  5  inches,  and 
Ma^uesiau  beds  10  feet,  showiug  aa  increase  of  thickness  over  that 
at  the  pit. 

In  the  most  northerly  boring,  "A,"  there  are  five  beds  of  limestone, 
varying  in  thickness  from  1  inch  to  ;H  inches,  and  amounting  to  1 1  ^ 
inches.  The  intervening  beds  of  Red-earth  vary  from  J  of  an  inch 
to  5^  inches  and  amount  to  8 J  inches,  making  tlie  thickness  of  the 
Permian  beds,  without  including  the  Red-earth  under  the  lowest 
limestone,  1  foot  7|  inches.  The  total  ih-pth  of  this  boring  is  21  feet 
8^  inch^. 

In  the  central  boring,  "  B,"  there  are  twenty-eight  beds  of  Umc- 
stone,  varj'ing  in  thickness  from  1  inch  to  Hi  inches,  and  amounting 
to  5  feet  6 J  inches.  The  inter\'ening  beds  of  Red-earth  vary  from 
^  of  an  inch  to  (ij  inches,  aud  amount  to  4  feet  6  inches,  makmg  the 
thickness  of  the  Permian  beds,  without  including  the  Red-earth  under 
the  lowest  limestone,  10  feet  |  inch.  The  total  dcjith  of  this  boring 
is  28  feet  H^  inches. 

In  the  most  southerly  boring,  "C,"  there  are  twenty-five  beds  of 
limestone,  varying  in  thickness  from  5  an  inch  to  8J  inches,  and 
amounting  to  .t  feet  6  inches.  The  intervening  beds  of  Red-earth 
»ary  from  J  inch  to  4i  inches,  and  amount  to  -1  feet  J  uich,  makuig 
the  thickness  of  the  Permian  beds,  without  mchuling  the  Red-earth 
unrler  the  lowest  limestone,  'J  feet  6^  inches.  The  total  depth  of  this 
boring  is  69  feet  8  inches. 

The  average  thickness  of  the  beds  of  limestone  is  2  J  inches,  and 
that  of  the  intervening  Red  beds  2  inches. 

Mr.  Darlington  informs  me  that  on  the  deep  of  his  workings  the 
Magnesian  Limestone  is  covered  by  the  Hcd  Snudstont',  having  the 
same  dip  as  the  Magnesian  Limestone. 

The  following  is  an  analysis  of  the  unbumt  limestone  and  inter- 
vening beds  at  the  borings  above  mentioned  : — 

Clay  Beds.  Limestone  Beds. 

losuluble  in  .\cids 68-0                                    16-6 

&iluble  Silica    0-33  10 

Se«|uioxide  of  Iron  7-0  -l-CG 

Alumina 1-33  2-06 

Carbonate  of  I.ime   180  6.J-4 

Carbonate  of  Magnesia...        S-0  10-33 

Soda 0-34  Soda  &Pot«sb  0-66 

Lou  0-69 

32-0                        8JM 

100-0  lOO-O 
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^M                  Tile  follon'ing  is  nii  analysis  of  the  sauif  limcstoiu^Wds  (aftrr  bring     1 
^M             burnt)  from  a  neighbouriug  estate  in  tLe  Towiuhip  of  Bedford : —  ^^J 

^m 

Aluuiins ••■ •*,.  .• ».••■■....... 

2-73           ^^1 

Lime •. - 

88-23           ^^H 

Mamesli 

8-M           ^H 

^^^^^^^^H                      riilnnH*  nf  S#uliiim   mnA  fi^i^^  nf  M&llgAnilA^     

O-fUl            ^^H 

^f^^         Thp  nhnvp  worn  mnrlp  hr  Af  r    P   Trarc  TalvPrt^  TTnimran-  PmfM^^H 

^^^^        of  Cbemistr}'  at  the  Royal  Manchester  Institution. 
^^^H                          Comparuon  of  three  Boring*  made  at  J*tU^. 

1 

A. 

B. 

C. 

• 

Sorfkce  or  boU 

ft.  in. 
1    3 
1    5 
4    0 

611 
I  10 

ft.  in. 
1    0 
3    6 
1    0 
0    3 
7     7 

0  B 

•■•■*■ 
•  •••■■. 

\l 

1  41 
0    01 

ft.  in. 
1    & 
8    2 
0    1 
0    4 

8  « 
0    S 

0    4 

9  » 

0  11 

<  d 

a  • 

1  <> 
1   3 
0   7 

10  fti 
t   0 

0    71 
0    4 

0  11 

1  « 

0    71 
0    31 

a   4 

0    U 

8  41 
0    « 
0  11) 

9  S 
0    7 
0    1 
0    I 

0  4 

1  10 
0    1) 

0  a 

CIbv  mixed  with  und...         ... 

Red  clav      

IvOAtny  olftv  with  »ind...-i 

Red  cUv          

Rock  (firet  false  bond-«totte) 

Strons  r©d  ctrth •■ 

■■•»•• 

Stone               

Red  ihttlo 

Oinffcfbread  or  red  metal  ....••... 

Very  strone  red  c&rth      ...>. 

Very  fctrong  red  earth  or  metij  ... 

StTxiiiK  re<l  fiictol,.... •••«••... 

Hard  brxiwit  rock...    .     .■■.. 

Soft  red  rartb  

Very  hiril  ttroDg  lirown  rock 

Rcif  e*rlli , 

Red  cjirlli 

Falsi?  itoiiv,  **  Giuibrick*'. ..*•■■•■.  . 

Red  earth  

FalM  Btniie 

Pal>«  (tone   , .m... 

Rol  eartli , 

Bad  •Mill 

Rock  (^third  falav  bond)  

RmI  earth  with  white  ipeckt 

Stfuv  hniwii  ktone  bond   •■■     >■■ 

Radearlli  with  wliiie  ipeclu 

Deptii  fruui  iiirfaci-  to  Diain  Itoad. 

or  No.  1  b«l  uf  limntooe  

No,  1  UiiiRsione    —... 

Red  eanh 

17    3 
0    »1 

23 

u   » 
•    Of 

:9 

Nq, 2  tioic5Uuic    •til.. 

J 
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27^^^H 

A. 

B. 

C. 

Red  earth 

ft.  in. 
15     5 

o"ii 

0     ii 
0    21 
0    01 
0    31 
0    01 
0     1 
0    51 
0    21 

4     7« 

fl.  ill. 
0     2 
0     1 
0    4 
0     21 
0     4 
0     U 
0    61 
0    1 
0     1 
0    51 
0    01 
0     24 

0   H 

0     21 
0     01 
0    01 

0   U 

0    11 
0    01 
0    2 
0    31 
0    21 
0    01 
0    31 
0    61 
0    u 
0     1 
0     1 
0    2 
0    2 
0    01 
0    U 
0     Oi 
0    21 

0    u 

0    1 
0    ui 

0     31 
0     1 

0     21 
0     Oi 

0    u 

0     3 
0     2 
0     01 
0    1 

0     01 

»  u 

0    21 
0    21 
0     4 

0  31 

1  3 

ft.   in. 
0    41 
0    11 
0     I 
0    11 
0     2 
0    31 
0    6 
0    31 
0    OJ 

0   u 

0     1 
0    21 
0    01 

0    u 

0    01 
0     21 
0     1 
0     4* 
0    3 
0    3} 
0    1 
0    2 
0    4 
0    21 
0    4 
0    01 
0     01 
0     1 
0     01 
0     4 
0     1 
0     4 
0     2 
0     31 

0    3 
0     U 
0     1 
0    21 
0    01 
0     1 
0     1 
0    01 
0    6 
0    21 
3     41 
0     21 

3    91 

No.  3  liniestone        ...             ...... 

Red  earth 

No,  4  Hmestone            

Red  earth            

No.  5  Limestone                

Red  earth     

Red  earth 

Red  earth               

No.  10  linaestoQc 

Red  earth 

No.  11  Limestone. 

Red  earth 

Red  earth 

Red  earth ...  . 

Red  earth 

No.  15  limeatone 

Red  earth   

No.  16  Umestonc  - 

Red  earth 

Red  earth 

No.  18  limestone  ...■• • 

Reil  earth 

No.  ly  Limestooe        

No.  20  limestone    

Red  earth 

Red  earth 

No.  22  Limestone .«.. 

Rtd  earth 

No.  23  limestone 

Red  earth 

Red  earth  with  white  specks 

No.  25  liiiiestune 

Red  earth,  no  rock  brought  up  by 
borer • 

Red  earth        

Red  earth 

No.  27  limestone 

Red  earth 

Red  earth 

21     81 

28    81 

69    8 

^ 
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2.  Oh  a  Fossil  Fish  Jrom  tke  Table-land  of  the  Dkccan,  in 
thePeniimdaofl^DiK.  By  Colonel  Sykes,  F.R.8.,  G. 8.  TTitk 
a  Desckiption  of  the  Specimena.  Bv  Sir  P.  de  M.  G.  Ecertom, 
F.ll.S.,  rj.s. 

[Pl.  XV.] 

General  Fraser,  the  Britisli  Minister  at  the  Court  nf  the  Nbam 
at  Ilydorabnd,  in  a  letter  to  inc  dated  the  ^ilst  Julr  ISiiO,  nientioaed 
his  having  transmitted  some  specimens  of  fossil  tisli,  with  impreadoiia 
of  leaves,  in  a  matrix  which  Dr.  Walker,  whom  General  Friuicr  had 
emi)loyed  in  Statistical  and  Natural  History  researches  in  the  Nitatn'i 
territories,  considered  a.s  appertaining  to  a  coal-formation.  <<en«nd 
Fraser  had  previously  cansed  specimens  to  be  sent  to  the  ^Viiiatii-  So- 
ciety of  Calcutta  ;  but  the  reports  upon  them  not  saiisfyin);  Dr.  Walker, 
a  second  scries  of  the  s])ecjmeus  were  sent  to  me  by  General  Frawr, 
with  a  request  that  I  would  asccrtaiu  their  possible  rcUtions  with  cror 
coal-strata. 

Considering  the  enonnous  development  of  trap,  covering  now 
200,000  square  miles  in  the  Deccau, — the  granitic  oasis  of  the  who)* 
Peninsula  of  India, — the  area  occupied  by  laterite, — the  want  of  »c«B- 
mentary  rocks, — and  the  hitherto  total  absence  of  organir  marine  fo»- 
sils  in  the  Deccan  (for  a  few  shells  brought  to  notice  by  the  late  Dr. 
Malcolmson  were  either  fluviatilc  or  lacustrine), — the  ili»co%eJT  vt 
fossil  tish  on  the  margin  of  the  trap  region  was  a  novelty  ivdamamrCix 
of  great  interest,  as  indicative  of  tne  former  subnu-rged  slate  of  tae 
Peninsula  of  India.  The  tossils  arrived  in  October  last,  and  a  gUnee 
showed  that  the  ren\ains  were  imbedded  in  bituminous  schist.  The 
specimens  were  met  with,  General  Fraser  mentioned,  near  to  the  cotw 
nuence  of  the  M'urda  and  Godavery  Uivers,  north  of  Ilydrrabad  aad 
south  of  Nagpoor.  But  as  the  Vurda  runs  into  the  Weiu  Gua^ 
and  the  latter  runs  into  the  Godavery,  General  Fra«er  proliablv  mMnl 
the  confluence  of  the  Goda%erj'  and  the  Wein  Gunga.  The  junetkn 
of  the  M'urda  and  Wein  Gunga  is  about  1  70  mile*  north  easterly 
from  Hyderabad,  in  latitude  1<)°  .S7'  X.,  ami  longitude  79"  50*,  md 
the  junction  of  the  Wein  Gunga  and  (ttxlavery  is  about  115  mflw 
north-easterly  from  Ilvderabadr  in  latitude  18" 'l9'  30"  N.,  and  loo- 
s;itude  79°  o6'  30".  1  have  reason  to  iM'lieve  these  localitiea  to  b« 
from  1200  to  1400  fe<a  above  the  sea-level. 

The  Curator  of  the  Geological  8<Kuefv  inspected  the  sprdnwtM  of 
fossil  fish,  and  he  considered  that  they  belonged  to  a  genus  whtdi  ia 
European  bttitudes  is  usually  associated  with  the  oulitir  furmatioa. 
The  oolitic  rock  nearest  to  the  locality  of  these  fossils  L>  in  Cuteh, 
fully  1000  miles  distant,  and  with  a  thickne«s  of  Jlrom  -tUtMl  to  i>OOU 
feet  of  trail  intervening  for  a  couple  of  hundred  miles  :  De*ertbcieai, 
many  of  tlie  Kiirof^M'an  associates  of  oolite  exist  iipim  the  Wurda  and 
(iotlavery  ;  iiamcly,  bituminous  shale,  wcHxI-opal,  calcareous  ipar, 
rhomboidal  quartz,  agates,  chalcedony,  liomstone,  \c.,  and  tl>c  rock 
itself  may  be  overlaid  by  the  prodigious  tlow  of  trap.  It  mu  ooC 
until  the  arrival  in  town  recently  of  my  friend  Sir  Philip  Gmtnt. 
whose  acumen  and  critical  knowledge  of  foasil  ichlbyologjr  foidfr  his 
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ojiiiiion  so  vftlimlilp,  that  I  was  eiiBbli'rl  to  got  the  specimens  cxmniaed 
with  deUbernte  attention.  But  Sir  Philiji,  with  that  readiness  which 
makes  him  at  all  titties  anxious  to  render  iiis  ktiowledge  available  to 
others,  instantly  rcs)ionded  to  my  appeal,  and  I  am  fieritiitted  l)_v  him 
to  make  use  in  his  own  words  of'  the  eonchision  at  which  he  arrived 
after  an  exainitiation  ol'  the  fossils.     lie  saj.s, — 

"  The  speeitneiis.  with  one  exreptioti,  are  much  broken,  and  the 
materials  scattered  cotifusedly  uvt-r  the  schist,  bitt  there  is  sufficient 
evidetiee  to  show  that  they  arc  all  rct'erable  to  the  genus  Lej)idotu», 
and  most  probably  all  to  one  atid  the  same  species,  t/tat  beiny  a  new 
one.  It  is  remarkable  for  the  sletider  proportions  of  the  anterior  part 
of  the  trunk,  and  the  thickttess  of  the  posterior  part  between  the  anal 
fin  and  the  tail.  The  scales  are  perfectly  smooth,  luid  the  free  poste- 
rior margins  entire,  without  any  trace  of  serration.  A  niimus  of  the 
lower  jaw  is  seen  on  one  speciuieii,  showing  the  teeth  to  be  conical, 
with  rather  elongated  bases.  There  is  little  doubt  tint  that  it  is  a 
true  Oolitic  form,  atid  a])])aretitly  of  the  date  of  the  Lias.  The  schist 
in  w!iii>h  the  fish  are  imbeddeil  reminds  nie  strongly  of  the  bitumi- 
nous shates  of  the  Lias  of  Seefetd  in  the  Tyrol.  It  is  very  desirable 
that  more  pcriect  specimens  should  be  obtained,  since  the  oisly  oue 
showitig  the  form  of  the  fish  wants  the  head,  and  exhibits  only  the 
under  surface  of  the  sondes." 

In  a  secotid  note  Sir  Philip  adds,  "  Tlie  genus  Lepidotug  extends 
from  the  Lias  to  the  Chalk,  both  inchisive ;  but  your  species  bears 
evidence  of  being  one  of  the  earlier  members  of  the  race.  It  was  pro- 
bably an  estuary  or  in-shore  fish,  Iroin  its  frequent  association  with 
terrestrial  vegetable  retnaius,  as  in  the  Ilyderabiid  sjiecimens." 

Sir  Philip  Egerton  htis  so  ably  and  comjiletely  exhausted  the  sub- 
ject, as  far  as  the  specimens  pennittcd,  that  it  only  remaitts  to  me  to 
name  the  ttew  fish ;  and  as  it  was  very  much  my  practice  in  my 
Natural  History  investigations  to  associate  new  s|iecies  with  the 
localities  or  provinces  where  they  were  met  with,  I  would  propose  to 
call  the  specitiieii  Lfpidnfus  Demiitniiiis. 

I  have  written  to  India  for  more  specimens  ;  but  as  the  discoverer, 
Dr.  Walker,  has  lately  unhappily  lost  his  life  by  a  fall  from  his  horse, 
I  am  not  very  sanguine  about  their  receipt. 


.3.  On  the  Physical  Eridence  of  an  Extreme  Arctic  Climate 
duriiiff  the  Formation  of  the  Erratic  Tertiaries  o^England 
and  Walks.     IJy  J.  Trimmer,  Esq.,  F.G.S. 

[Thii  piper  was  withdrawn  by  the  Author,  whh  the  permiuion  of  the  Council.] 
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June  25,  1851. 

Lieut,  n.  U.  Tyler.  R.E.,  was  elected  a  Fellow  -.  and  Sgnor  An- 

gelo  Sismonda  was  elected  a  Foreign  Mi-ml>er. 

The  following  communications  were  read  : — 

1.  On  the  Drift  at  Sangatte  Cliff,  near  Calais. 
By  J.  Prestwich,  Jan.,  Esq.,  F.G.S. 

The  flat  and  exten«ive  plain  around  Calais  is  conipo«ed  of  Tertiarr 
strata  (hearing  a  close  resemblance  to  the  London  series),  repo«inf;  on 
Chalk  and  overlaid  by  a  thick  covering  of  flint-gravel.  At  the  small 
village  of  Sangatte,  three  miles  W.S.W.  from  Calais,  and  immediateW 
opposite  to  Dover,  the  chalk  rises  to  the  snrfiu-e,  forninig  the  wrll- 
knowu  ])romontory  of  Blanc-nez.  These  chalk  cliffs  were  dewrribnd 
in  the  Transactions  of  the  Geological  Society  for  1X20  •  by  Mr.  W. 
Phillips,  who  alludes  briefly  to  the  largf  accumulatiuu  of  fliut-gravei, 
and  ob.serves  "  that  this  kind  of  de|>osii  is  confined  to  the  summit  o<r 
the  rising  cliff,  which  consists  beneath  of  sand  lying  in  thin  beds  of 

different  colours" "  but  the  general  tint  of  the  OkUsiagrMoi*h." 

He  continues — "  the  probability  that  this  saud  may  btkog  to  Um 
Plastic  Clay  formation  occurred  to  me,  but  I  diacotewd  *^'™y 
beyond  the  general  appearance  of  the  sand  to  stren^thMl  As  SH|f 
cion."  He  correctly  notices  that  this  newer  deposit  abuts  sgsiast 
the  Chalk.  In  1839,  M.  DWrchiac  also  notic^  thrsc  cUffii,  sad 
stated  that  they  e\hibite<l  a  flint-gravel  S  metres  thick,  nTrrljiag  3 
metres  of  a  yellowi.sh  sandy  clav  with  fragments  of  cluilk — the  wbole 
reposing  on  a  bed  of  deep  greenish  coloured  und  about  ;<  mrtrr«  in 
thickness,  unconfonnable  to  the  l)rit\  alxive  t,  and  apparently  belong- 
ing to  the  Sables  Inferieurs,  but  without  fossils  to  prove  it. 

When  passing  through  Calais  last  autunai,  I  visited  Saugstte,  fur 
the  pur[>ose  of  examining  these  reputed  Tertiar>'  strata  ;  but  ritlicr 
they  have  been  removed  by  the  wearing  away  of  the  cliff,  or  rise  the 
greater  distinctness  of  the  section  prevents  me  from  fr<-ling  the  ilo«bu 
expressed  by  the  above-named  geologists, — the  section,  as  it  now  «xiais» 
apparently  consisting  entirely  of  a  variable  mass  of  Drifl,  bssiiag  s 
striking  resemblance  to  that  of  the  cliff  at  Brighton,  described  lij 
Dr.  Mantrll  in  18334,  and  more  recrntlv  by  Sir  K.  Marchiso«§.  In 
general  structure,  colour,  materials,  and  order  of  suprrpoaitiniv  the 
character  of  these  cliffs  is  so  much  alike,  that  a  section  of  the  oar 
might  almost  pass  for  that  of  the  other.  .\t  the  basr  of  tUr  Sangatte 
Drif\,  and  reposing  u(K)n  a  ledge  of  Chalk  (.see  Section),  u  a  bed 
Tsr^'ing  from  4  to  8  feet  in  thickness,  and  consisting  of  blark  chalk- 
flints,  mostly  rather  large,  and  all  a  good  deal  rolled  and  »on).  but 
not  rounded.  With  these  are  some  large  flatfish  woni  msMtsaf  dudk. 
The  whole  is  loosely  mixed  with  a  very  small  ijuautity  of  mmL  TIm 
peculiar  character  of  litis  bed  is  the  uniformity  of  wear  and  tbr  »€ttr- 


•  VoL  T.  p.  17.  t  M^aoim  See.  Geol. 

t  0«akf]r  of  the  Soutl>-Et*t  of  Ra{|iaB4,  p.  31. 
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loathed  appearance  of  all  its  component  materials. 
In  this  it  re.semblesaiiy  coarse,  rough,  sliingle-beach. 
I  found,  however,  nn  traces  of  any  shells  in  it.  Above 
this  more  regular  bed  is  a  roughly  spread  mass  of 
chiilk-rubble  and  flint-gravel.  The  lower  ]mrt,  to  a 
thickness  oC  .'iD  to  60  feet,  consists  esseulinliy  of  a 
paste  of  mixed  sand,  clay,  aiul  chalk,  of  a  dirty  cream 
or  greenish  colour,  and  with  imbedded  frnginents  and 
masses  of  chalk,  and  here  and  there  a  large  unrolled 
flint.  Subordinate  to  this  mass  are  irregular  patches 
and  layers  of  angular  tlint-gravel.  The  whole  is 
roughly  bedded,  or  spread  out,  a.s  it  were,  in  irregular 
sheets.  The  matrix  of  this  chalk-breccia  is  liable  to 
frequent  variations ;  sands  prevailing  at  one  place,  and 
clays  or  chalk  at  another  and  on  the  same  level*. 
Occasionally  the  mass  seems  composed  almost  en- 
tirely of  grecuislj  or  of  yellow  sands,  derived  proba- 
bly from  the  destruction  of  the  lower  Tertiary  strata. 

Overlying  this  portion  of  the  Drift,  but  still  form- 
ing part  of  the  same  deposit,  is  a  mass  consisting  en- 
tirely of  angular  flint-gravel,  from  20  to  2  j  feet  tbick. 
The  matrix  is  the  same  generally  as  that  of  the  por- 
tion below,  from  which  it  differs  merely  by  the  pre- 
j)onderaiice  of  angidar  flints.  It  is  composed  princi- 
pally of  broken  chalk- flints,  hut  contains  also  a  con- 
siderable quantity  of  angular  flat  lumps  of  a  coarse 
iron-sandstone  derived  from  a  deposit  of  sand  and 
iron-sandstone,  outliers  of  which  overlie  the  chalk  on 
the  adjacent  hills.  It  also  contains  whole,  as  well  as 
sharply  broken  pieces  of  those  peculiar  green-coated 
flints  which  form  the  lowest  Tertinr}-  bed  in  the  north 
of  France  and  in  England.  Further,  disseminated 
irregidarly  throughout  the  mass,  are  a  few  of  those 
perfectly  rolled  and  rounded  black  flint-pebbles,  which 
were  formed  at  various  periods  during  the  Tertiary 
epoch.  These  pebbles  are  sometimes  whole,  but  at 
other  times  they  are  broken,  luid  their  edges  sharp 
and  without  wear. 

I  met  with  no  fossils  in  any  part  of  this  deposit. 
My  visit  to  it,  however,  was  very  short.  In  structure 
and  composition  it  so  closely  resembles  the  Brighton 
di-ifl,  and  in  some  measure  the  drift  at  Dover,  both  of 
which  contain  mammalian  remains, — whilst  in  the 
somewhat  similar  flint-gravel  in  the  Department  of 
the  Sommc,  and  also  in  the  grovel  in  the  adjacent 
part  of  the  English  Channel,  such  remains  are  not 
uncommon, — that  one  of  my  objects  in  making  this 

*  Concreted  Diasses,  similar  to  tbc  Cunitie-Roek  of  Dr.  Man- 
tell  at  Brighton,  are  not  uncommon  in  the  lower  part  of  the 
Drift. 
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and  Tertiaries,  might,  if  the  distance  were  not  great,  transport,  com- 
paratively uuiiijiirt'd  and  unbroken,  masses  of  the  softer  strata,  and 
even  the  more  delicate  shells  which  they  contain.  The  condition  of 
the  mass  would  dfjiend,  therefore,  entirely  upon  the  distance  upon 
which  it  had  travelled,  and  the  nature  of  the  ground  over  which  the 
waters  |)asscd. 

If  we  snp|)osc  a  large  body  of  water  to  be  moving  with  a  velocity 
sufficient  to  transport  large  blocks,  then,  necessarily,  the  smaller 
debris  and  the  mud  and  silt  would  be  carried  along  with  them  ;  but 
when  the  velocity  is  oidy  sufficient  to  move  the  finer  debris,  then  the 
coarser  materials  and  larger  blocks  must  be  left  behind.  In  the 
former  case  the  heavier  portions  would  subside  tirst,  and  the  lighter 
ones  be  carried  to  a  greater  distance  and  become  gradually  more  worn. 
But  h't  this  current  be  arrested  in  the  early  part  of  its  course,  and 
then  we  shall  have  a  deposit  of  mingled  debris,  the  less  sorted  the 
nearer  we  ap()roach  to  its  point  of  origin  ;  and  if  this  should  have 
been  effected  after  u  short  transjwrt,  and  without  meeting  with  any 
material  impediments,  then  masses  of  clay  and  sand,  with  their  im- 
bedded organic  remains,  however  delicate,  as  welt  as  the  bones  of 
animals  occurring  on  the  surface  of  the  ground,  may,  I  appo'heud, 
be  transported  comjiaratively  miiujured  and  unbroken.  Should  how- 
ever any  impediments  occur  to  obstruct  their  progress,  or  aivv  con- 
flicting currents  disturb  the  uniform  and  regidar  sweep  of  the  moving 
mass,  then  the  clash  of  the  debris  will  more  or  less  break  and  wear 
both  the  organic  remains  and  the  rock -detritus  in  projitrrtion  to  their 
hardness  and  power  of  resistance ;  the  more  friable  atid  delicate  8[)eci- 
mcns  being  first  destroyed,  and  only  the  harder  bones  and  rock-debris 
holding  out  to  the  last,  The  whole  mass  would  also  become  more  in- 
termingled. 

In  the  case  of  the  Sangatte  Drift,  the  materials  do  not  appear  to 
have  travelled  far,  the  lower  portion  of  it  consisting  chiefly  of  pure 
chalk-rubble,  derived  from  the  adjacent  Lower  Chalk,  and  the  upper 
part  being  full  of  Hints  which  probably  came  from  a  rather  more 
distant  jioint  of  the  same  range  of  hills.  The  whole  mass  seems 
to  liave  been  checked  and  thrown  down  ai'ter  but  very  little  wear,  and 
in  a  manner  (;omparatively  independent  of  the  specific  gravity  of  its 
component  parts ;  whereas,  if  the  action  which  accumulated  these 
materials  had  i)een  slow,  gradual,  and  toug-continued,  they  would 
most  likely  have  beeti  sorted  according  to  their  specitie  gravities  ;  and 
more  particularly  as  all  the  fragments  in  any  given  layer  would  have 
been  subjected  to  a  force  acting  comparatively  with  eipial  power,  and 
in  an  equal  manner,  they  would  necessarily  all  exhibit  a  nearly  like 
amount  of  wear,  varying  in  tlie  different  s})ecimens  according  to  their 
hardness,  but  the  measure  would  be  alike  for  all.  In  this  and  the 
analogous  case  at  Brighton,  an  impalpable  chiUk-silt  would,  I  ajipre- 
hend,  be  incompatible  with  coarse  siliceous  sands — woni  pebbles  with 
sharp  angular  flints — the  largest  debris  with  the  finest — and  entire 
and  perfect  bones  with  others,  some  of  which  are  broken  and  others 
rolled  and  worn. 

At  the  same  lime  the  bed  of  chalk-flints  which  reposes  imme- 
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diatcly  ou  the  Chalk  is,  as  at  Brighton,  so  distinctly  waterworn  aad 
washed,  that  the  long-contiiiued  and  quiet  action  of  the  »ea  on  them 
can  hardly  be  doubted.  It  is  apparently  an  old  seA-be«ch,  ending 
rather  abruotly  against  an  ancient  chalk-cliff*,  and  about  10  to  12 
feet  above  trie  level  of  the  present  beach  (see  A.  fig.  1 ).  The  traa*> 
ition  from  this  bed  to  the  overlying  ma«s  of  dni\  is  sudden  tad 
abrupt.  In  the  first  place,  it  is  evident  that  the  same  sea  which 
washed  the  base  of  this  old  cliff — carrying  away  the  civalk,  bmI 
leaving  the  heavier  flints  spread  out  on  a  slo|)ing  shore — could  new 
have  fomted,  whilst  its  conditious  remained  unchanged,  the  siipcriBt- 
poscd  (iO  to  HO  feet  of  rubble.  Nor  is  there  any  evidence  of  a  quiet 
depression  of  the  land,  and  consequently  of  a  gradual  exteiuiou  up- 
wards of  the  conditions  which  prevail  below.  The  change,  on  the 
contrary,  Ls  sudden  and  complete,  and  maintained  throughout  iIm 
whole  of  the  overl^ang  mass  which  lias  accumulated  against  the  (tee 
of  the  old  cliff — burying  and  not  IcTelling  it — neither  forming  m^ 
cessive  lones  or  steps  on  it. 

M'hat  may  have  been  the  causes  which  letl  to  this  rMult,  or  the 
exact  mode  of  ojieration,  is  another  question.  It  is  one  which  we  can 
expect  to  solve  only  by  collecting  a  number  of  facts  of  this  descriptioo ; 
and  afterwards,  by  sorting  and  grouping  the  data  we  may  thus  oblaiiii 
we  may  hope  to  arrive  at  some  of  the  more  general  laws  relating  to  this 
important  and  interesting  problem.  The  observations  of  Mr.  Auftm 
have  already  furnished  us  with  many  valuable  details  hewing  upon  this 
]>oint  on  the  South  Coast  of  England  ;  the  Drift  at  Sangatte,  sad 
unich  of  that  described  bv  Sir  R.  Murchison  in  his  recent  pspsr, 
agreeing  apparently  with  that  which  Mr.  .\u8ten  has  describetl  m  • 
number  of  other  localities  under  the  dc«iguatian  of  Subaerial  bedaf. 
Whether,  therefore,  this  class  of  pha.>nomena  indicates,  us  I  bclierc, 
sudden  and  tumultuous  sub-aqueous  action,  or  whether  they  are  to 
be  attributed  to  the  more  ordinary  and  tranquil  oiiues  in  operatfam 
in  the  waters  or  on  the  surface,  their  extent  and  importance 
be  overlooked,  and  will,  it  is  to  be  hoped,  lead  to  further  inquiry. 


2.  On  Ml?  Gravel-bbd8  of  the  Vallkv  o/Ike  Wby. 
By  U.  A.  C.  Austen,  Esq..  F.R.8.,  G.S. 

Thk  river  Wcy  fakes  its  rise  within  the  area  of  the  Wealdcn  dmu> 
ilation,  of  the  north-western  ])ortiou  of  which  it  conveys  aw«y  the 
waters  into  the  London  basin  through  the  break  in  the  eiialk-ranse 
at  Guildford.  The  |>ortion  of  the  valley  of  the  Wey  which  mainly 
furnishes  subject-matter  fur  the  prnu-nt  cummuuicatiuu  lin  imme> 
diately  south  of  (luildford,  towards  Godalming. 

•  The  roi""  -f  ti il  ■''■•^  •■ilsnd  reqiiirM  to  be  tnccd     TU*  h  I 

Ikr  gnu  «■  r.   rcurlrrol  it  flash  with  Ihs  ■fllMrt  I 

Ute  Unit,  w  I  Ml  Kliich  there  are  ao  iiisiililisi 

t  Quart.  Joiuti.  lieoL  Itur.  toi.  vti.  p.  1 18  tf  Mf . 
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To  the  east  of  Farnhani  tliere  ut  a  depreMiou  of  the  elialk-atnta 
for  ail  intenal  of  a  inilc;  towards  this  point  one  of  the  up|ier  branches 
of  the  Wey,  kuown  as  the  Fanihani  River,  comes  down  in  a  dirrrt 
course  from  its  source,  near  Alton,  and  would  flow  ont  into  the 
Loudon  basin  hut  for  an  intervening  difference  of  level  of  vi-ry  snwll 
amount,  and  which  causes  the  stream  to  turn  away  at  a  right  angle 
in  the  direction  of  Waverley.  The  line  of  valley  from  Farnhain  to 
Alton  belongs  to  the  system  of  disturbances  which  atlf  uded  the 
Wealden  elevation*.  In  this  upper  portion  of  the  vallev  of  the  Wry 
we  have  a  rejietitioii  of  all  the  phieuoniemi  of  the  Guildford  \'Mtj 
with  respect  to  the  Umited  distribution,  coni|H>sitioii,  and  arransement 
of  the  gravel-beds,  so  tliat  it  will  not  be  uecMMrv  to  gi«  e  any  iMtailcd 
description  of  them  ;  and  for  the  same  reason,  tne  grux  el-beds  of  tbe 
valley  of  the  Mole,  at  Dorking  and  U»-tchworth.  will  nivil  only  inci- 
dental notice.  It  would  require  a  great  extent  of  illu«tnition  to  «haw 
the  detail  of  the  diiitribution  of  these  gravels  from  Alton  to  Kogatr. 
and  their  dc|K'ndcnce  on  the  external  coutiguratiou  of  the  district. 
Such  detail  CAiinot  lie  attempted  here,  iM^sides  which  iiuh'pcndptit 
observers  need  no  longer  trouble  tliemwlves  to  map  out  and  driinr 
the  boundaries  of  geological  groups,  inasmuch  as  the  Gov«nimrul 
has  undertaken  the  task. 

Sir  11.  Murchison  has  lately  (in  a  paper  reail  l>cfore  the  Soirirty 
May  II,  IHJl)  brought  forward  scmie  views  ffsjM-eting  the  ccMm^r* 
character  of  the  Wealden  elevation,  and  has  ajijM-aled  to  certain  line* 
of  gravel-beds  as  the  evidences  of  such  forces  :  nnuthrr  dlntinguislied 
geologist  has  long  siijiported  his  theory  of  the  Wi-alden  denudation 
by  a  reference  to  an  accumulntioii  of  the  same  age  at  that  of  the  Ixtla 
to  lie  here  notieedt-  I  neither  propose  in  this  place  to  offer  any 
obacnations  on  these  views,  nor  to  substitute  any  s^H-culntions  of  my 
own  as  to  the  Wealden  area;  but  nimply  to  show  that  the  ai-euniul»- 
tions  in  question  are  perfectly  distinct,  as  to  age  anil  <irigin,  from 
those  which  residted  immediatelv  from  the  »|>oil  of  tlu-  Wi-aldeu  dr- 
nmlation,  and  that  this  area  hail  acquired  its  main  liararter 

at  some  time  anterior  to  the  distnbution  of  iIm-h-  ;;.  ■•.     I  am 

the  more  anxious  that  this  fact  should  Ite  fully  appreciated  by  geolo- 
gists, from  its  <>oiiiiexiou  with  the  pliv!>ical  getigraphy  of  the  ^ottth 
of  England  during  the  Upper  Tcrtiarv  peri<«i. 

Tile  external  phvsical  feature:!  of  tlie  valley  itouth  of  the  blt«k  m 
the  chalk  at  Guildford  are  represented  on  the  Map,  fte.  I,  and  iU 
geological  structure  has  beeu  already  described {.  Tne  slopM  of  Um 
hills  which  surroiuid  this  area  are  rraitrkably  at^p.  When  rirwad 
from  their  siiininits,  the  bottom  of  the  valley  ha*  the  ap(teflrance  of 
a  perfectly  level  plain  ;  it  consists,  however,  of  two  pUtforins — an 
njipcr  and  outer  one,  and  a  lower  or  central,  along  which  thr  rirpr 
Wey  now  takes  its  course  :  the  difference  of  level  i»  trifling,  not  mnrr 
perha]is  than  12  feel,  but  it  is  marked  by  an  abrupt  descent  fi 
one  to  the  other.     The  whole  of  this  area,  to  the  base  of  llie 

•  Qu«rt.  Jiiuru.  Cfu\.  Si>r.  »ril.  iv.  p.  260. 

t  Prinn(il«  u(  Ucoliigy.  I8»,  vol.  in   p  2ri5  W  My.;  MmiimL  IMI. 

{  I'lDC.  Ucol.  Soc  vol.  iv.  p.  170. 
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pied  by  beds  of  stratified  sand  and  gravel,  wliich 


slopes,  is  occur 

gcst  tl>e  speculation  that  tliey  haTC  been  spread  out  uniformly  by  the 
action  of  a  mass  of  water,  whicli  at  some  time  occupied  the  whole  of 
the  valley,  and  that  a  central  portion  of  the  accumidntiou  has  been 
since  removed. 

In  tlie  Pease-marsh  portion  of  the  valley,  as  on  both  sides  of  the 
Portsmouth  road,  the  gravel-beds  rest  on  Weald-clny  ;  in  other  places 
they  are  on  Neocomiaii  beds,  and  towartls  the  edges  of  the  denudation 
they  are  on  portions  iif  the  Lower  fJreensamls.  These  beds,  and 
throughout  their  whole  thickness,  exliibit  the  ordinary  and  unmis- 
takealile  characters  hciongiiip  to  such  as  have  been  arranged  beneath 
water  of  no  great  depth  ; — the  materials  are  coarse  and  waterworn, 
are  spread  out  horizontally  in  successive  seams  or  layers,  and,  what 
is  of  the  greatest  importance  as  evidence  of  a  gradual  process  of  ac- 
cumulation, is  the  cireiunstaiice  that  interposed  beds  of  sand  occur 
throuyhdut,  hariiiy  a  diiti/tmiil  arnmyement. 

The  thickness  of  this  accumulation  depends  on  the  inequalities  of 
the  surface  on  which  it  rests,  and  varies  from  3  to  '25  tieet ;  yet 
there  is  a  general  order  of  succession  to  be  observed,  as  follows  :— 

I .  Ulack  vegetable  earth  ;  peat ;  bog-iron-ore. 
"2.  White  and  grey  marls. 

3.  Brown  and  red  clay. 

{A.  Fine  gravel  and  sands. 
.').  Coarser  gravel  and  ilrifted  sands  (diagonal)  ;  blocks  of  Sars- 
deu  stone  ;  teeth  luid  tusks  of  elephants,  single  and  rolled. 

(i.  Peaty  mud,  with  wood  ;  (local). 

It  must  be  understood  that  the  upper  part  (1,  2)  of  this  series  is 
local  ;  the  lower  ('i,  •!,  .")),  however,  is  constant. 

Throughout  the  whole  of  this  area,  which  is  comprised  within  the 
Lower  GreeusiMid  ranges,  the  material  of  the  gravi'l  is  of  rounded  or 
suhangidiir  chulk-flints.  With  it  is  iron-stone,  chert,  and  Bargate 
sandstone.  There  is  also  in  places  much  small  shingle  of  quartz  and 
lydian-stoue,  which  has  been  derived  from  the  conglomerate-beds  of 
the  lower  greensaiul.  There  are  also  occasionally  large  rounded 
blocks  of  greywether  sandstone,  breccia,  and  pudding-stone  from  the 
lower  tertiary  series.  In  the  distribution  of  these  materials,  the  prin- 
cipal mass  of  pure  tlint-gravel  will  be  found  opposite  to,  or  in  the 
line  of  the  gorge  at  Guildford,  as  along  the  line  of  the  railway-em- 
bankment, and  on  the  Pease-marsh  :  along  the  several  branches  of 
the  valley,  the  proportion  of  materials  from  the  lower  grecnsaud  in- 
creases :  near  (Joitalming,  in  the  last  railwayH^utting,  some  rearrauged 
sands  had  so  completely  the  look  of  utvdiaturbed  grecnsand,  that,  but 
for  the  tnammalinii  remains,  they  could  not  have  been  referred  to  the 
gravel.  From  this  short  account  of  the  position  and  arrangement  of 
the  gravel-beds  in  the  Gnildtbrd  N'alley,  we  may  deduce  some  general 
considerations  as  to  one  stage  of  a  former  condition. 

It  is  absolutely  necessary  towards  the  production  of  strata  or  beds 
with  diagonal  lamination,  that  there  should  he  an  onward  movement 
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of  tbe  whole  body  of  water,  such  as  tliat  of  a  gtreani-cumtit.  I  liars 
elsewhere  suggested  that  the  cross-lamination,  which  certaiu  marine 
deposits  exhibit  over  wide  areas,  may  be  referable  to  the  more  rspid 
aud  effective  tidal  action  of  enclosed  and  moderately  deep  »(««.  If, 
iu  the  instance  of  the  Guildford  Valley  gravels,  this  form  of  arrtnge* 
ment  was  due  to  currents  of  water  produced  by  streams,  which  flowed 
into  that  area  from  the  central  Wealden  region,  and  which  discharged 
outwards  through  the  gorge  in  the  chalk-range,  the  direction  of  fuch 
currents  being  constant,  that  of  the  lamiusc  would  be  «o  alao,  or 
northerly  ;  whereas  wc  constantly  find  them  dipping  southerly,  ••  if 
the  prevailing  set  of  the  water  when  in  movement  had  been  from  tb* 
north.  The  gravel-beds,  here  described,  pass  through  the  gorge  at 
Guildford,  and  are  continuous  and  identical  with  those  which  cover 
the  whole  of  the  London-area-basin ;  we  have,  therefore,  a  definite 
water-level,  or,  in  other  words,  the  Guildford  Valley  was  n  land-locked 
bay  of  that  great  iiortheni  ocean,  of  which  the  "  drift-gravel  "  bnb 
are  the  sub-littoral  accumulations.  Under  these  couditioiu  the  pro- 
cess  of  accumulation  would  have  been  identical  with  what  now  takes 
place  in  all  deep  bavs  or  estuaries  along  sea-boards  ;  whiUt  under  the 
other  supposition,  tlie  mechanical  power  of  a  perfectly  enclosed  arc* 
of  water  of  the  dimensions  of  that  nere  described  (.Map,  fig.  I)  oonld 
never  have  conveyed  and  arranged  the  beds  of  gravel  as  we  here  find 
them.  But  definite  geological  epochs  arc  very  indefinite  periods  of 
past  time  ;  and  no  one  representation  of  ancient  physical  conditiooa 
can  hold  good  for  more  than  one  ]K)rtion  of  a  giN)lugical  (leriod  :  in 
tliis  case  wc  have  the  distinct  features  of  the  oKl  bay,  the  gorge  com- 
municating with  the  external  area  of  water,  its  latrst  level,  and  me- 
chauical  arrangements  ;  but  it  by  no  means  follows  that  the  materiaU 
so  disposed  were  for  the  first  time  placed  there.  There  are  good 
grounds  for  the  su]>position  that  there  was  here  an  anterior  and  veij 
diiferent  configuration. 

It  will  be  seen  by  the  tabulated  order  of  succeanon  (p.  Si^O  that 
there  is  a  progressive  change  from  course  gravels  up  to  fine  clay,  a 
change  which  indicates  a  diminution  of  moving  |>u«er  ;  but  this  r^ 
Bult  may  he  brought  al>out,  whether  the  displacement  of  a  {tortion  of 
the  volume  of  water  happen  from  elevation  on  the  laud  aide,  or  hj 
the  simple  process  of  filling  up,  the  water-level  remaioiQf  the  niae 
throughout. 

It  will  be  also  seen  from  the  Map,  that  the  gravel-beds,  here 
noticed,  extend  some  way  up  several  valleys  whidt  bcanrh  off  from 
tbe  main  one  :  of  these,  that  of  the  Tillingbounw  itltMn,  which  e\- 
ti'uds  some  miles  in  an  easterly  direction,  offers  some  jtnints  of  in- 
terest. The  general  sIojh-  of  the  ground,  covered  by  gravel,  >»  tn  the 
north,  and  this  slope  is  occasionally  c«nsi<lrrBblr,  a»  in  the  «rctina 
from  alKive  Locknor  Farm  to  the  stn-ain  at  Collyers  Manger  (fig.  2), 
The  Locknor  cutting,  on  the  Heading  and  Reignle  |{ailway,  is  31  feet 
deep,  of  which  the  greater  |K)rtioii  was  through  layer*  of  gTavel 
with  beds  of  diagonal  drift -sand.  Thi*  cutting  Li  |>erliaps  at  tbe 
highest  point  at  which  the»e  ImnU  hn\e  lieen  noticed,  beinc  mthrr 
more  than  \30  feet  above  tbe  great  collection  of  flint-gtavd  at  the 
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level  of  the  catial,  or  241  feet  above  the  sea.  The  angle  of  slope 
froin  the  top  of  the  Locknor  cutting  to  the  stream,  although  con- 
siderable, is  not  perhaps  greater  than  that  on  which  gravel-beds  might 
acnunndate,  but  the  difficulty  they  here  present  is  this,  that  along  the 
wlioieofthis  section  the  thickness  of  the  gravel-beds,  which  has  been 
proved  by  numerous  deep  drains,  was  found  not  to  exceed  4  or  5 
feet  in  the  lower  [)ortion  of  the  valley.  The  section  across  the  valley 
at  this  place,  at  the  time  when  the  gravel-beds  were  accunmlateci, 
could  not  have  presented  the  same  conditions  as  at  present,  inasmuch 
an  the  thickest  beds  would  have  been  collected  in  the  deepest  portion, 
whereas  we  have  seen  that  they  occur  at.  what  is  now  tlie  highest ; 
nor  are  they  ever  found  to  have  an  elevation  on  the  north  side  of  the 
valley  corresponding  to  that  on  the  south  (see  Section,  tig.  2). 

I  therefore  infer  that  when  the  gravel-beds  were  accumulated,  the 
condition  of  the  Tilliugbounie  Valley  was  not  such  as  it  is  now,  but 
that  the  slope  of  the  beds  has  been  imparted  to  them  since.  It  will 
be  observed  that  the  gravel-beds  end  off  abruptly  at  the  base  of  a 
steep  escarjtment  of  the  lower  greensand  (fig.  2)  ;  and  this  feature  I 
consider  to  be  due  to  a  fault,  the  upcast  of  which  being  to  the  north 
would  be  attended  by  a  depression  on  the  south,  and  linis  place  the 
gravel-beds  as  we  now  find  them. 

I  had  often  heard  from  persons  in  the  occupation  of  lands  along  the 
Tillingbourue  Valley,  that  tlie  surface  subjacent  to  the  gravel-beds 
presented  n  series  of  long  parallel  furrows  or  troughs,  running  in  the 
direction  of  the  valley,  or  east  and  west ;  this  was  ascertained  in 
draijiiiig  the  land,  and  it  is  now  found  sutlieient  to  cut  across  these 
troughs,  and  thus  allow  the  water  they  hold  to  nm  otT.  It  was  only 
verv'  lately  that  I  had  an  opportunity  of  seeing  the  true  character  of 
the  surfaee-outltiie  here  described. 

The  ]>lace  at  which  the  Section,  fig.  3,  is  taken  is  about  half  a  mile 
west  of  the  position  last-noticed  (Locknor  cutting),  and  the  gravel- 
beds,  instead  of  dipping  north,  are  separated  into  two  masses  by  the 
rise  of  a  ridge  of  Neocomian  clay,  rf.  The  southern  mass  is  trough- 
shaped,  the  other  slopes  towards  the  stream  or  northerly,  in  which 
direction  it  also  thins  away.  The  gravel-beds  rise  to  this  ridge  on 
either  side :  this  position  might  be  considered  by  some  as  the  result 
of  accumulation  on  an  uneven  surface.  Coarse  materials  can  hardly, 
however,  be  sujijiosed  to  have  taken  and  ]ireserved  such  steep  angles 
beneath  the  levelling  action  of  water  which  had  a  considerable  moving 
power,  for  the  greatest  angle  of  slope  was  46°,  and  I  am  therefore 
incUned  to  consider  that  the  appearances  shown  in  Section,  fig.  3, 
nmtt  be  the  result  of  disturbances  which  have  taken  place  since  the 
first  accumulation  of  the  beds. 

The  sumniil  of  the  ridge  of  Neocomian  clay  presents  a  deep  fissure 
filled  with  gravel  (.lee  tig.  3,^). 

I  should  hardly  have  been  satisfied  with  the  evidence  here  adduced, 
as  to  the  comparatively  recent  date  of  some  of  the  disturbajices  of  this 
district,  had  it  not  been  for  the/a«//  (/)  which  the  S.  extremity  of  the 
Section,  fig.  3,  presented.  This  section  was  taken  from  a  large  (jua- 
drangukr  excavation,  made  for  the  offices  of  a  dwelling-house ;  the 
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floor  of  the  excavation  was  worked  to  a  true  level,  with  vertical  sides, 
presenting  clean  sections  from  .'>  to  8  feet  deep.  The  opposite  section, 
or  that  on  the  E.,  corresponded  witli  the  one  here  given  as  to  the 
composition  of  the  heds  of  gravel,  and  their  position.  The  southern 
end  of  the  section  (fig.  3)  presented  a  di.slocation  (/).  It  will  be  seen 
that  there  is  a  downcast  to  the  north  and  nil  npcast  ou  the  opposite 
side  of  the  subjacent  strata,  which  here  consist  of  hard  Ncoconiian 
beibi,  J.  Tiie  stratification  of  the  gravel-beds  was  distinctly  marked, 
and  the  position  of  the  pebbles  in  the  different  layers  nmch  disturbed 
on  either  side  of  the  fault.  As  the  materials  from  this  excavation 
were  nil  reserved  for  various  purposes,  but  from  which  it  was  desirable 
to  exclude  any  clav,  the  workmen  avoideil  the  mass  marked  il,  so 
that  it  was  left  as  a  ridge  or  dyke  crossing  the  excavation  from  E.  to 
W.,  in  which  state  I  first  saw  it :  the  section,  however,  was  taken 
after  it  had  been  cut  away-  The  existence  of  this  particular  clay- 
ridge  was  previously  known,  from  the  area  of  wet  land  it  caused  to 
the  south  of  it ;  and  whatever  may  be  the  ease  with  respect  to  these 
clay-ridges  at  other  jilaces,  it  is  clear  that  tliis  one  has  been  produced 
by  a  fault  subsequent  to  the  aecuinulntion  of  the  lower  gravels.  To 
the  south  of  this  spot  the  gravel-beds  increase  in  thickness,  so  that 
at  about  'M)  yards  a  well  there  sunk  did  not  pass  through  them  at  a 
depth  of  1 ;»  feet. 

Although  I  had  long  since  satisfied  myself  that  the  aecimiulations 
of  the  age  of  those  here  described  have  been  everywhere  displaced 
since  their  original  deposition,  yet  I  should  have  hesitated,  even  until 
recently,  as  to  whether  such  a  statement — as  to  faults  traversing  su- 
|)erficial  gravel-beds — coidd  be  made.  Such  a  section  as  the  one  here 
figured  is  sufficient  evidence  on  this  point ;  but  it  is  not  the  only  evi- 
dence which  these  gravel-beds  afford  us.  Whoever  will  closely  exa- 
mine any  sections  of  the  beds  here  in  question  (tlie  one  here  given, 
fig.  .3,  is  sufficient),  will  perceive  that  ttiere  are  clear  indieutioiui  of 
changes  of  position  during  the  progress  of  the  aemmulation.  Thin 
is  a  subject  respecting  which  I  hope  shortly  to  bring  before  the  So- 
ciety a  considerable  mass  of  evidence  taken  from  nn  examination  of 
the  driil-sands  atirl  gravels  of  the  whole  of  the  South  of  England  :  for 
the  present  it  will  be  suttieient  to  draw  attention  to  the  section  here 
[troduced,  and  which  is  a  fair  illustration  of  the  phcenomeua  which 
constitute  the  evidence  of  the  case. 

In  Section,  fig.  3,  we  may  safely  assume  that  the  lower  beds  (a,  a) 
have  a  higher  angle  than  that  at  which  they  were  accumulated,  or 
that  their  present  position  is  the  result  of  some  disturbance ;  of  this 
the  fault  (_/)  is  further  confirmatory.  The  portion  of  the  gravel 
marked  (i)  is  of  sidiseqnent  date  to  such  disturbance ;  whilst  the 
upper  levelling  of  the  surface  implies  conditions  perfectly  distinct 
from  these  two  antecedent  ones.  We  meet  with  no  indications  of  in- 
tervening surfaces  of  dry  laiul,  or  other  guide  by  which  to  estimate 
the  extent  of  time  which  may  have  separated  these  conditions,  but 
other  considerations  would  render  it  most  unsafe  to  assume  that  the 
disturbances  here  inihcatcd  all  took  place  whilst  the  area  supporting 
these  accumulations  of  gravel  was  continuously  submerged. 
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These  gravel-beds  arc  continued  from  the  lx)cknor  cutting,  and  m 
clear  cross-section  (north  and  south)  is  to  he  ohscr^■ed  at  the  rntnuice 
into  the  village  of  Weston  Street.  The  l>eds  here  ha»e  a  considerable 
thickness,  and  present  the  like  general  arrangement  of  horizontAl 
layers  of  sands  ajid  waterworn  materials  to  be  observeil  throughout. 
With  respect  to  compositiou,  however,  they  present  a  |>eculiaritv  dis 
serving  o(  notice,  .\long  the  .\.lbury  Valley  the  pro)Hirtion  of  dialk- 
ilints  to  other  material  derived  from  the  subjacent  sanils  is  Mrry  con- 
siderable ;  but  in  the  Weston-Street  section  we  meet  for  the  fir»l  time 
with  rounded  and  waterwom  detritus  of  chalk.  Thiit  material  it  not 
mixed  with  the  general  mass  of  detritus,  but  occur*  iu  laven :  it 
should  be  noticed  that  it  is  the  upper  portion  of  the  graveUbeus  which 
is  here  exposed.  It  will  be  seeu  that  this  sectiuu  occurs  at  the  ouly 
spot  at  which,  by  means  of  a  transverse  valley,  there  i3  a  coinmtiiuc»> 
tion  between  the  valley  of  the  Tilliugboume  stream  and  the  bate  of 
the  North  Down  range.  The  gravel-beds  are  continued  up  the  tran^ 
verse  valley,  but  they  gradually  become  more  exclusively  compoard 
of  chalk  :  at  one  place  a  mass  is  to  be  seen  composed  of  subsngulAr 
fragments,  in  which  the  parting  seams  alone  are  of  sand,  although 
resting  on  the  iron-stone  beds  of  the  lower  greensaud.  It  would 
thus  seem  that  during  the  accumulation  of  the  higher  gravel  of  the 
Albury  Valley,  materials  from  the  ehalk-ronge  were  brought  down  from 
time  to  time  and  interstratitied  with  it,  showing  that  this  configura- 
tion of  a  transverse  depression  in  tlie  lower  greensaud  range  must 
liave  existed  at  the  time  of  the  arrangement  of  the  upprrmast  gravel*. 

The  materials  which  compose  these  gravel-beds  are  derived  from 
the  Cretaceous  series,  and  are  local,  witit  the  exception  of  the  blix-ks 
of  grerwether  sandstone  and  breccia.  These  are  much  waterwom 
and  of  considerable  bulk  ;  they  occur  in  every  part  of  the  area  de- 
scribed,  not  only  in  the  open  valley  of  the  Pea»e-marsh,  but  along  the 
valley  of  the  Tillingbounie,  and  are  very  common  along  the  line  of 
Section,  fig.  2.  The  sup|>osition  that  this  area  was  at  one  time  an 
enclosed  bay  will  accoimt  well  for  the  general  arrangement  of  ths 
upper  portion  of  the  gravel  mass,  and  some  materials  may  have  bran 
conveyed  into  such  an  area  from  without  through  the  gorge  in  tKe 
chalk-range.  We  have  little  warrant,  however,  fur  asxummg  tliat  this 
took  place  to  any  extent.  The  greywether  blocks  cannot  be  brought 
under  any  such  supjmsition ;  their  weight  exceeds  the  moving  power 
of  any  limited  area  of  water,  and  their  presence  there  nuist  be  other* 
wise  accounted  for. 

It  has  been  shown  that  the  gravel-beds  supply  evidence  of  mov^ 
meiits  which  must  have  taken  place  during  their  afgnmulation.  It 
will  be  seen  by  reference  to  fig.  2,  and  it  has  been  alrcad?  stated,  that 
the  aU-e\t  slo|>e  which  the  lower  grecnsand  presents  at  this  ^aoe  maat 
be  of  subsequent  date  to  some  portion  of  the  gravel-bed*.  The  dtalk- 
range  supports  up  to  its  very  edge  thick  l>eds  of  eoaiat  garni  and 
drifted  sands,  with  great  included  blocks  of  grrywrtbar  aOMMWi*— in 
all  these  rrs]Kvtj)  ctirrrspondhig  with  the  gravel-bad*  of  tba  ' 
bourne  \'alley  below.  .\dd  to  this  the  great  fault  which  ( 
the  clialk-c8caq>nient  throughout,  and  we  can  rrqnirr  the  admiawa^ 
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that  there  must  have  been  here  also  a  movement  of  subsequent  date 
to  the  first  accumulation  of  gravel  along  this  line,  inasmuch  as  the 
beds  on  the  chalk-range  contain  abundantly  iron-stone,  chert,  and 
sandstone  derived  from  the  lower  greensand,  and  that  at  elevations 
nbore  any  part  of  that  series  now. 

The  detail  of  such  considerations  as  these  belongs  to  the  history  of 
those  changes  out  of  which  the  present  features  of  the  Wealilen  area 
— physical  and  geologicikl — have  resulted.  All  that  I  would  here  im- 
press on  geologists  is  this: — 1st,  that  the  gravel-beds  which  snrrninid 
the  Wealden  represent  a  vast  period  of  time  ;  2nd,  that  during  that 
time  disturbances  took  place  which  altered  entirely  the  relation  of  the 
country  to  the  Wealden  area  within  ;  3rd,  that  the  inner  line  of  gravel- 
beds  belongs  mostly  to  a  form  of  the  surface  when  the  present  bound- 
ing ranges  or  escarpments  had  not  been  raised ;  and  -Ith,  that  where 
the  gravels  present  a  conformity  to  existing  phvsical  features,  they  are 
the  re-arranged  beds  which  have  been  derived  from,  and  rest  uncou- 
formablv  on,  the  older  one.<u 

In  all  the  observations  which  I  Lave  lately  offered  on  the  subject 
of  the  sujierficial  sands  and  gravels  of  the  South  of  England,  I  have 
restricted  niyself  to  such  masses  as  could  he  referred  to  two  definite 
periods  in  j)ast  time — either  to  that  of  the  sub-aerial  conditions  which 
were  synchronous  with  the  occupation  of  this  country  by  the  large  ex- 
tinct maininalin,  or  that  of  the  subseejucnt  sub-aqueous  accumulations 
in  which  the  rolled  and  fragmentary  remains  of  this  fauna  have  been 
found.  As  I  am  well  nware  that  some  experienced  geologists  are  dis- 
posed to  refer  certain  accumulations  of  gravel  which  occur  about  the 
Wealden  area  to  the  period  of  its  denudation,  of  which  they  represent 
the  spoil,  and  as  beds  such  as  are  here  described  might  seem  suited  to 
support  such  views,  it  may  be  as  well  to  state  that  remains  of  the 
large  mammalia  have  been  found  over  the  whole  of  the  area  of  the 
gravel-beds  here  described,  and  that  the  line  of  Section,  fig.  3,  afforded 
a  fine  molar  of  the  true  Elephas  priwit/eniiis*. 

The  gravel-beds  in  the  ujipcr  part  of  the  Valley  of  the  Wey,  at  and 
above  Fandiam,  those  below  Guildford  at  Send,  and  those  of  the 
Valley  of  the  .Mole  near  Dorking  and  Betchworth,  have  all  been  found 
to  contain  abundantly  the  teeth  and  tusks  of  ^/e/)A«ji  primiyenius  \ 
the  molars  in  particular  are  often  much  waterwom.  But  inasmuch 
as  these  accumulations  seem  to  have  a  chronology  of  their  own,  it  is 
evidently  desirable  that  the  precise  positions  in  which  all  animal  re- 
mains occur  should  be  ascertained :  this  is  a  point  on  which  unfor- 
tunately our  information  is  deficient :  as  a  general  nde  they  are  met 
with  in  the  lower  portions  of  the  gravel-beds,  Section,  fig.  3  ;  but 
it  is  also  possible  that  in  some  places  the  whole  thickness  of  the  gravel 
may  be  referable  to  what  is  the  n|>per  ami  re-arranged  gravel  of  places 
where  the  series  is  complete  :  this  is  a  jioint  for  more  accuracy  of 
obsenation  than  has  yet  been  apjilied  to  these  beds. 

In  the  notice  of  the  external  features  of  the  surface  of  the  Pease- 
marsh  Valley,  it  was  stated  that  it  had  been  excavated  along  a  central 

•  Prof.  Owen  kindly  examinf  d  this  specimen  and  also  a  lower  jaw  (from  some 
higher  bedii),  which  he  determined  to  belong  to  Hui  kmgyfmm. 
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portion  ;  n  like  observation  uiny  be  cxteuiled  to  all  the  gTA%el-bc<b( 
the  Wealden  vnlleys.     'Hie  tact  may  be  observed  on  either  side 
the  gorge  at  Guildford,  along  the  Valley  of  the  Mole  from  Dorking 
upwards;  and  it  is  exhibited  in  a  reuiarliabte  manner  near  Famlianv, 
both  descending  towards  More  Park,  and  in  the  contrary  dirrction,! 
It  was  necessary  to  notice  this  circnnistaiice  here,  bnt  its  explanation] 
belongs  to  the  historj'  of  these  valleys  snbsequent  to  the  date  of  thej 
gravel-beds. 

The  gravel-beds  which  have  been  here  de9cribi>d  are  uauAlly  founil 
overlyhig  clean  surfaces  of  compact  sand  and  Neucomian  clay  ;  but 
in  the  Pease-mar^h  |>ortion  of  the  valley,  where  the  upper  beds  of  the 
Weald-clay  are  exposed,  we  meet  with  a  IkhI  of  coniiiact  dark  luiul, 
containing  vegetable  matter,  fragments  of  branches  ot  tree*,  and  tb» 
bones  of  animals  (Ox,  Elephant)  nninjnred  and  King  together:  it  iai 
evident  from  this  that  the  condition  of  the  snrface  before  the  accu-J 
mulotiun  of  the  gravel  was  a  terrestrial  one,  and  that  this  was  coin- 
cident with  the  occupation  of  this  country  by  the  large  extinct  maui> 
malian  fauna. 

The  brown  and  red  clays  which  so  eommoDly  surrnonnt  the  gnnrl- 
beds  will  be  recognised  as  the  e(|uivalents  of  those  of  the  I^ndou  baun] 
area,  which  hoKl  a  like  position.     They  indicate  conditions  of  tmnuuil  I 
deposition,  which  is  all  that  can  be  said  of  them  at  presient.     liiguer 
than  these  lost,  and  intiuence<l  by  the  fonn  of  surface,  are  o^rtoiu  (ucal  i 
accumulations  of  peat  and  marl,  containing  the  remains  of  a  fauna  U*-  j 
longing  to  the  actual  period,  such  as  horns  of  Deer,  and  the  »|ieciinen 
of  Ifo»  longifroiit,  referred  to  in  a  note  above. 

The  aceunndation  of  chalk-detritus,  which  has  been  noticed  in  the^H 
account  of  Weston-Street  section,  can  be  traced  up  thr  tnuurcmv  nM^| 
ley  to  the  base  of  the  chalk-range,  having  frei|nently  the  chartrter  of^H 
subangular  fragments.  The  land  shells  which  thry  c<mtain  »njjLM>^J 
further  inquiry  and  research  :  at  present  these  beds  of  chalk-ruobU 
have  yielded  a  very  poor  testaceous  fauna  compared  with  that 
the  uppennost  bed  of  su{>erficial  soil. 

It  fonns  no  part  of  the  present  commimication  to  cx)>lain  tbt 
of  the  Wealden  ilenudntion.     Sir  Charles  Lyell  still  maintains  tbc 
(hat  the  denude<l  area  was  once  occupied  by  an  expaiiM*  of  water 
which  the  escarpments  of  the  chalk  were  the  Imundiug  rliffs,  and 
immediate  juxtaposition  to  this  view,  and  as  proof  and  illustration  of 
the  theorj',  he  describes  the  gmvel-be<Li  at  Uan'ome.     It  may  sutKr« 
for  the  present  to  state  thai  this  Accumulation  contains  tl>e  rrniain* 
of  the  large  mammalian  fauna,  and  tlut  in  even'  respect  its  hiaturj  is 
identical  with  that  of  the  valley-gravels  of  the  \Vey  and  the  Mole. 
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3.  On  the  Oeeurrenee  of  the  Bodlder  Clay  in  the  Limestone 
Quarry,  Linksfield,  Elgin,  N.B.*  By  Capt.  Lambart 
Brickenoen,  F.G.S. 

As  there  has  been  observed  near  Elgin,  Morayshire,  a  very  singular 
phsenomenon  connected  with  the  noukler-clay  Formation,  which  is 
seen  to  occupy  a  position  that  could  only  have  been  att^uned  under 
very  remarkable  circumstances,  I  think  that  a  communication  on  the 
subject  may  not  be  devoid  ol'  interest  to  «ome  of  the  members  of  the 
Ge<jlogieal  Society.  The  rock  which  prevails  around  Elgin  is  re- 
ferred to  the  Upper  Division  of  the  Devonian  system  ;  and  at  Links- 
field,  which  is  a  farm  north  of  the  town,  the  sujK'rior  beds  of  tiiat 
formation  appear  in  the  character  of  a  limestone,  which  is  very  ex- 
tensively (|uarried  for  agricullural  purposes.  In  order,  however,  to 
raise  the  limestone,  it  is  necessary  to  remove  an  overlying  formation, 
about  40  feet  deep,  composed  of  a  series  of  Oolitic  beds,  in  them- 
selves of  great  geological  interest.  Now  it  is  between  the  limestone 
of  the  Devonian  system  and  the  strata  of  the  Oolite  that  the  plueno- 
menon  exists  which  is  the  subject  of  this  notice, — being  an  extensive 
intercalation  of  BoiUder-clay,  which  since  the  opening  of  the  quarry 
has  been  jiciietrnted  beneath  the  incumbent  horizontal  beds,  to  the 
extent  of  1 20  yards,  with  no  appearmice  whatever  of  its  termination ; 
and  this  distance  is  mcasiu'cd  ui  a  direction  at  right  angles  to  the 
course  pursued  in  its  excavation ;  whilst  in  a  transverse  line  or  sec- 
tion of  the  quarry,  the  intercalated  mass  has  been  ol)sened  to  extend 
nearly  300  yards.  The  surface  of  the  clay  is  very  irregular  and  un- 
even, and  its  thickness  varies  from  2  to  •!  feet ;  and  1  am  assured  by 
an  intelligent  old  man,  who  has  visited  the  quarrj'  very  constantly 
since  it  was  first  opened  about  thirty  years  ago,  that  at  the  distance 
of  more  than  1 00  yards  from  where  it  now  is  the  clay  was  observed 
to  he  about  the  same  depth,  and  overlaid,  as  now,  bv  the  same  series 
of  Oolitic  strata  in  their  undisturbed  position.  On  the  north-western 
boundary  of  the  quarry  the  thickness  of  the  intercalation  increases 
considerably,  and  there  can  be  Uttle  doubt  that  in  this  direction  the 
clay  obtained  an  entrance. 

That  the  drift,  thus  alluded  to,  has  been  forced  into  the  place  it  now 
occupies  is  the  oiiinion  generally  entertained  by  those  who  have  ex- 
amined it ;  and  this  appears  to  be  fully  sustained  by  certain  peculi- 
arities which  the  bed  discloses,  although  it  is  not  very  easy  to  con- 
ceive the  exact  manner  in  which  such  an  extensive  and  marvellous 
intrusion  was  effected.  The  surface  of  the  Boulder-clay,  and  also  of 
the  strata  between  which  it  has  been  propelled,  is  hardened,  abraded, 
and  marked  with  polished  striie,  m(Ueating  the  direction  in  which  the 
mass  has  moved,  which  is  nearly  from  north-west  to  south-east,  or  in 
a  line  at  right  angles  to  the  natural  escarpment  of  the  hill  and  out- 
crop of  the  strata.  The  clay,  moreover,  contains  the  debris  of  the 
upper  as  well  as  of  thcjower  formation,  and  it  is  identical  in  colour 

*  Tliis  communication  wu  a  sequel  to  a  paper  on  the  same  subject  read  before 
the  Society  November  2U,  1850,  and  withdrawn  by  the  Author.  Both  communi- 
cations are  now  printed  togetlier. 
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and  composition  with  the  BouUler-clay,  which  m>  tbondantly  prtTaila 
OD  the  decUrities  of  the  neighbouring  hills.     lu  the  aectioiud ' 

Fig.  1. — Plan  of  Linlujleld  Quarry. 
liCngth  of  tbe  Quarry  from  east  to  «e«l  270  jmrit. 


Raid  M  LMiAoMiMlk. 


A.  At  tM«  iMt  tb«  Ikmaltmt  «ia  Ibnaartj  ilMniiJ.  aad  ih>  f»»n<i«t»HM  «w  kan  imb. 
Tb«  dotted  lina  abDin  IW  exleai  al  tk*  •!«*  i>  vhicfa  Ikt  fjawfi.  IMfe,  •■<  0«iilM  kai* 
baaiijtuiTied. 

Fig.  2 Section  of  the  Quarry  on  /A«  /iii«  N.S.  of  the 

Ground-plan. 


Length  of  tiM  Baie-llne  3M  jranb. 


Hni    bMi  «<   Ik* 

1^ »H" 


it  which  the  stotiMiit  affords,  iu  bright  red  tint  contnuU  atrftwy 
with  the  dark  niid  sombre  hues  of  the  ooUtM,  and  with  tk  ^^ 
jaoent  whitish  UmMtone. 
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Fig.  3. — Section  taken  at  a  right  angle  to  the  face  of  the  Etearp- 

menl ;   LinksfieLd  Quarry. 

N.  s. 

\i 


u.  Oolitic  Miiea. 

A.  DcTunian  Limestone. 

¥,  PulUheU  tur&ce  of  th«  LimeatoDe. 


tnterealftted  Boulfl«r<clay,  with  obliqa 
I  of  purnle  day. 
eial  Urilt  I 


i.  Supfirflcial  I 


I  tnrf  Alluvium. 


Having  thus  stated  a  few  particulars  regarding  the  intercalated 
drift  at  Liiiksfield,  and  presuming  that,  by  the  various  appearances 
which  it  exhibits,  the  fact  of  its  intrusiou  into  the  position  it  now 
occupies  is  established,  it  becomes  a  very  interestuig  matter  to  in- 
quire in  what  manner  and  by  what  external  force  such  intrusion  has 
been  effected.  We  can  imagine  that  a  mass  of  yielding  clay,  arrested 
at  the  base  of  an  escarpment  or  outcrop  of  strata,  might  have  been 
injected  between  theiti,  in  much  the  same  njanner  as  igneous  or  molten 
masses  between  some  of  the  stratified  formations,  provided  that  cer- 
tain conditions  were  fulfilled,  of  wliich  the  chief  would  be  that  the 
propelling  power  should  exceed  that  of  the  resistance  opposed  to  it, 
and  that  the  mDveineiit  of  the  injected  mass  should  be  confined  wholly 
to  the  interstratificd  position  referred  to.  I  therefore  presume  that 
the  BoulJcr-clay,  having  originally  accumulated  at  the  base  of  the 
oolitic  outcrop  at  Linksfield,  and  having  gained  an  entrance  into  the 
position  hell!  by  its  softer  and  subjacent  beds,  had  b<*en  subjected  to 
the  action  of  vast  and  extensive  masses  of  ice,  which,  by  continuing 
to  preu  onwards  the  accumulatioua  uf  claj  retained  beneath  it,  had, 

x2 


292 


PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIKTY.      [7une  J 


by  superior  force  to  thnt  which  the  Oolitic  l)c<l»  could  offer  in  i 
ance,  eventually  pro<lucc(l  the  |ihu'iiomciinn  at  Liuii«lirli]. 

Upon  the  first  cursory  view  of  the  fitriil*  ubovr  iieitcrib«<l.  it  j 
naturally  supposed,  thnt  the  iutcrcalntctl  Boulder-clay,  lyiu^  bet*< 
the  Uevonian  limestone  and  the  oolites,  must  Ik-  some  bed  of  <'a 
glomerate  or  Drillt  of  the  latter,  and  to  which  a  »Up  of  the  uplj 
strata  had  imparted  a  striated  character ;  but  the  apparent  idcciO 
of  the  intruded  mass  with  the  superficial  Drill  or  Boulder-cUy  of  I 

district  forbids  such  an  interpretation.     However,  to  aioid  |K:r_      

ating  a  mistaken  view  of  a  fact  suliiciently  remarkable  to  bo  nortlij 
of  record,  wltfltever  be  its  true  explaiiHiion,  I  bci;  to  lay  brfont  lbs 
Society  specimeua  taken  by  mywlf  from  the  intriidi>d  uium. 

The  specimens  exhibited  to  the  Society  were  taken  from  ihir 
described  above  as  being  intercalated  between  the  Oolite*  and  Dei 
nian  Limestone,     Frn(;ments  of  the  latter  rock,  showing  it«  |M)liitti 
and  striated  surface,  m-company  the  samples  of  the  (■18\-Ik'iI  with  i 
included  pebbles.     Amongst  these  may  be  d»'tcct«'d  frnfcmc 
longinf;  to  the  upper  hedii,  ns  well  as  of  the  ori/ii>aru  /m*AA/<«| 
liuulder  Formation,  which,  with  large  erratics,  arc  di»pcr»c<l 
larly  through  the  clay,  and  these  are  not  unfre<)uently  marked 
grooves.     There  are  also  SJ-anis  of  a  dark  purple-tinted  day  ixTrailil 
the  intercalated  mass,  which,  when  seen  on  the  face  of  the  e«carp> 
nient,  appear  nearly  horixontal,  hut,  in  the  section  at  right  aiigle 
it,  are  found  to  incline  inwards  at  an  angle  of  al»out    I J°.      Th 
seams  are  jiarlly  composed  of  what  the  untites  call  the  "Cufle 
which  is  the  lower  stratum  of  the  incumbent  series,  and  whic 
to  have  been  thus  displaced  aud  carried  forward  by  the  iul 
the  Boulder-clay. 


On  the  Geology  of  Part  of  the  TIimalaya  Mck'ntaix* 
Tibet.     By  Captain   Kkiiakd  Straciikv,   Bengal  ~ 
P.G.S. 

[IV.  XVI.  XVll.] 

It  is,  I  think,  to  Tlumlmldt  that  wc  are  indebted  for  the  firrt  mcwct 
views  of  the  general  tHinfigurntion  of  the  surfaiT  of  the  central  por- 
tion of  the  great  continent  of  Asia,  and  for  the  ann  ul  Uut, 
while  the  greater  pro|M)rti<in  of  the  area  is  romp  w,  l\^ 
high  lands  are  ctjullned  within  somewliat  nnrrow  liuiiU. 

Tlie  elevated  region  is  known  to  extend  through  nearly  .10  i 
of  longitude,  from  the  source*  of  theOxus  to  those  of  the  Ilnaii^^ 

the  Yellow  Ui\er  of  China.     Its  aoutheni  Umits  w  tolerably      

known  also,  but  we  almost  rutirvly  depend  upon  Chinese  geupii|ilien 
for  the  iuforuiation  that  we  possess  of  its  extcuiiiiHi  (u  the  noftK. 
The  chain  of  mountains  that,  mider  the  nainc  of  tlinialaya, 
the  northern  boundary  of  Ilindostan,  is  in  reality  the  southern  I 
of  this  great  mass  of  eW-valed  land,  while  its  northern  face  iu 
manner  ap{>cars  upon  our  mans  as  the  range  rallcti   Koumlun. 
the  south  lie  the  plains  of  India,  whose  greatest  rioTatiun 
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than  I'iOO  feet  above  the  sea ;  while  on  thf  north  the  countries  around 
Yarkund  and  Khoten  appearto  form  an  equallystrikuis  plateau, which, 
as  we  may  safely  conclude,  from  the  nature  uf  its  vegetable  productions, 
can  hardly  exceed  in  altitude  3000  feet.  The  loftiest  summits  known 
on  the  surface  of  the  earth  are  to  be  found  towards  the  southern  edge 
of  this  elevated  region,  more  than  one  peak  having  been  measured 
whose  height  is  upwards  of  '2S,000  feet,  while  along  the  whole  line 
peaks  of  'J(J,000  feet  abound. 

So  little  is  known  of  the  interior  and  northern  parts  of  this  region, 
that  it  is  impossible  to  offer  any  general  account  of  it  based  upon 
actual  observation  ;  but  as  far  as  we  may  judge  from  those  parts  that 
have  been  exjilored,  it  ajipears  that  the  surface  is,  with  few  excep- 
tions, broken  up  into  a  mass  of  mountains,  the  general  elevation  of 
which,  valleys  as  well  as  ridges,  is  very  great ;  and  to  the  best  of  my 
judgement  there  is  no  reason  for  supposing  that  either  the  Himalaya 
or  KouenUm  have  any  definite  special  existence  as  mountain-ranges 
apart  from  the  general  elevated  mass  of  which,  as  1  before  said,  they 
appear  to  be  the  two  opposite  faces. 

From  the  point  where  the  Indus  enters  the  plains  of  the  Punjab 
to  that  where  the  Brahmapootra  enters  Aswim,  the  llimalaya  extends 
without  interruption  over  a  distance  of  about  1  jOO  miles.  Its  direc- 
tion appears  to  change  gradually  from  north-west  and  south-east  on 
the  west  to  nearly  due  west  and  east  on  the  east,  so  that  the  moun- 
tains form  on  the  whole  a  curve,  the  convexity  of  which  is  turned  to 
the  south-west. 

The  j)ortion  of  the  chain  to  which  I  am  about  to  allude  more  par- 
ticularly is  somewhat  to  the  west  of  the  centre  of  this  line  ;  it  lies  a 
hundred  or  a  hundred  and  tifty  miles  to  the  north-east  of  Agra  and 
Delhi,  the  two  chief  cities  of  north-western  India,  on  about  the  30th 
degree  of  north  latitude  and  the  80tli  of  east  longitude,  ivhich  meri- 
dian will  be  seen  to  pass  through  the  island  of  Ceylon,  and  not  far  from 
Cape  Comoriii,  the  extreme  southern  point  of  the  peninsula  of  huha. 
The  district  in  question  (see  Map,  Pl.  XVI .)  is  innnediately  contiguous 
to  the  western  boundary  of  Nej)al,  and  lies  between  the  river  Kali,  a 
tributary  of  the  Ganges,  separating  it  from  Ne]tal,  and  the  river 
Sutluj,  which  is  the  most  eastern  of  the  feeders  of  the  Indus.  The 
principal  stream  of  the  tJanges  flows  nearly  midway  between  the  other 
two  rivers.  Simla  and  Sabathii  are  within  this  region,  not  far  from 
the  Sutluj.  Cashmere  is  beyond  it  to  the  north-west,  from  200  to 
300  miles  ;  while  Sikim,  from  which  Dr.  Hooker  has  lately  retunied, 
is  situated  about  500  miles  further  east,  and  nearly  north  of  Calcutta, 

The  distance  between  the  points  wliere  the  Kiili  and  Sutluj  leave 
the  foot  of  the  mountains  is  about  200  miles,  while  the  breadth  of 
the  tract  of  which  we  shall  have  cognizance,  measuring  from  the  ter- 
minatiou  of  the  Phdiis  of  India  in  a  north-westerly  direction,  is  nearly 
120  miles.  Of  this  again  it  is  oidy  the  eastern  half  that  I  have  my- 
self visited,  and  I  am  dependent  on  the  published  accounts  of  Capt. 
Herbert  and  M.  Jacquemont  for  the  very  imperfect  knowledge  that  I 
have  of  the  coutitrj-  to  the  west  of  the  Ganges.  AVTien  we  consider 
the  great  extent  of  this  region,  the  natural  difficulties  which  so  rugged 
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a  country  presents,  and  the  very  short  period  that  I  was  able  to  i 
vote  to  its  examination,  it  will  at  once  be  apparent  that  all  I  can  )ut^ 
to  offer  is  a  mere  sketch  of  its  more  striking  geological  features,  < 
this  I  shall  endeavour  to  give  as  briefly  as  possible. 

It  is  rights  however,  that  I  should  first  mention,  that  a  conaider- 
able  quantity  of  the  geological  information  embodied  in  this  papvr  an  ~ 
my  map  is  derived  from  the  observations  of  my  brother,  Mr.  Job 
Strachey,  of  the  Bengal  Civil  Service,  who  has  resided  for  terrt 
years  in  this  part  of  the  mountains ;  further,  that  my  own  iuvrsL 
tions  were  made  during  the  years  1818  and  18-1!),  wliile  1  was  en 
ployed  by  the  Indian  Goveniment  in  scientific  researchtas  uf  a  mt>c< 
laneouB  nature  in  tlu-  same  districts.     I  am  bound  to  add,  tlrnt  it 
altogether  to  Mr.  Thoniason,   the  present  Lieut. -Governor  of  tli« 
north-westeni  provinces  of  Bengal,  that  I  am  iudebtttl  for  mj  em- 
ployment in  this  manner. 

Along  the  whole  of  the  southern  face  uf  the  Ilimalsya,  from  the 
debouche  of  the  Indus  to  that  of  the  Brahmapootra,  extcntln  a  v« 
unbroken  ]>laiu,  which  is  prolonged  southward  to  the  Hav  of  Kcttf 
near  Calcutta,  on  the  one  hand,  while  on  the  other  it  follows  the  . 
dus  through  the  Punjab  and  Scinde  to  the  Arabian  Sra,  core 
all  an  area  of  nearly  ^00,000  square  miles.  The  highrat  por 
this.plain  is  that  between  the  rivers  Sutluj  and  Juniua  (see  Nlap),  and 
its  elevation  along  the  foot  of  the  mountains  is  here  probably  about 
12<)(>  feet  above  the  sea.  On  either  side  of  this  the  drainage  of  llie 
country  flows  in  opposite  directions,  falling,  as  the  case  Diay  be,  either 
into  the  Ganges  or  the  Indus,  while  the  level  of  the  turface,  aa  nd^t 
be  supposed,  gradually  declines  as  we  approach  the  M-a. 

That  all  of  this  is  a  aea-deposit  there  can  be  httle  doubt,  altboo^ 
the  direct  proof,  by  the  discovery  of  marine  tdieils,  is  still  vandag. 
Strong  grounds  for  such  a  belief  are,  huwe\er,  afforded  by  tht  ex- 
treme evenness  of  the  surface  and  regularity  of  its  slope,  aa  wtU 
as  by  the  nature  of  the  soil,  which  everywhere,  excrpting  ia  tba 
immediate  vicinity  of  the  niouiitains,  is  a  de|H>sit  of  the  w(M  fiacij- 
comminuted  matter ;  so  that  it  is  really  no  exagKcratjon  to 
that  one  might  go  from  the  Bay  of  Bengal,  up  the  (taugcs  into 
Punjab,  and  tlience  return  to  the  sea  by  the  Indus,  pMsing  over  i 
wards  uf  2000  miles  of  ground,  without  s<-ring  a  pebli! 
The  aaltness  of  the  wells  in  the  desert  tnirt  which  i  \  aic  tSV 

Indus  to  within  tif\y  miles  of  the  foot  of  the  mountaiiu  •ernu  abo  to 
point  to  tlic  same  conclusion.     Marine  defwails,  when  raiaed  tron 
below  the  surface  uf  the  uceaii  so  as  to  form  dry  laud,  niust  of  umco« 
lity  contain  a  cousiderable  quantity  of  the  Kalts  found  in  sea-wat«^^ 
and  when,  as  u  here  the  case,  there  are  no  rivers  and  no  raioi,  ^^t 
means  of  which  they  may  be  dissoUed  and  watiied  out.  we  may  aat^^ 
rally  expect  to  find  the  water  of  wells  in  such  strata  to  be  salt. 

Clotc  along  the  fuot  of  the  inuuutains  we  find  the  soil  to  be  eroy* 
where  comfKMed  of  dr|io8its  of  boulders  and  giravel,  which  bnon* 
rapidly  less  abundant  as  wr  ailvance  into  the  plains  and  are,  1  k»- 
lieve,  quite  lost  sight  of  within  a  distance  of  uiirty  milca  froia  lb* 
outer  hilU. 
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I  have  nowhere  seen  anything  having  the  appearance  of  an  ancient 
beach  or  sea-margin  along  the  edge  of  this  plaui,  which  may  probably 
be  Rccoiinled  for  by  the  extreme  violence  of  the  rains,  which  is  always 
greatest  over  the  first  slope  of  the  mountains.  On  one  occasiou  I 
myself  measured  a  fall  of  one  inch  of  rain  in  about  twenty  minutes ; 
this  was  at  Ilardwar,  where  the  Ganges  leaves  the  outer  hills. 

In  jiroceeding  with  my  explanation  of  the  geology  of  these  moun- 
tains, it  will,  I  think,  be  desirable  that  1  should  fullow  with  a  certain 
amount  of  detail  some  one  particular  line  of  section,  rather  than 
attempt  to  give  a  general  account  of  the  whole  country.  I  shall  in 
tliis  manner  be  better  able  to  distmguish  between  what  is  matter  of 
actual  observation  and  what  of  speculation.  The  line  that  I  shall 
take  for  this  purpose  (passing  S.S.W.-N.N.E.  between  79°  and 
80°  30'  E.  long.,  sec  Map,  Pl.  XVI.)  is  selected  only  because  it  is 
best  known  to  me,  aud  not  that  it  appears  to  exhibit  a  normal  state 
of  thhigs  better  than  any  other :  too  much  stress,  therefore,  must  not 
be  laid  on  its  details,  and  it  consequently  seems  desirable  that  as  I 
proceed  I  should  point  out  such  generalizations  as  seem  to  me  to  be 
borne  out  by  the  observed  facts. 

I  may  also  here  mention,  that  the  direction  of  the  strike  of  the  strata 
is  usually  not  far  from  that  of  the  chain  generally,  and  in  this  parti- 
cular portion  of  it  W.N.W.  to  E.S.E. ;  also,  that  the  line  of  section 
that  I  shall  follow  is  on  the  whole  nearly  perpesidicular  to  the  strike. 

The  transition  from  the  plains  to  the  mountains  is  sudden  and  well- 
defined.  A  line  of  hills,  called  the  Siwalik  or  Sub-Iliinalnya  Range, 
and  well-known  to  geologists  by  the  striking  palceoutulogical  discove- 
ries made  there  by  Dr.  Falconer  and  Colonel  Cautley,  nses  abruptly 
and  without  any  intermediate  undulating  ground  from  the  apparently 
perfectly  level  surface  of  the  flat  country.  The  deposits  of  which 
these  hills  are  formed  seem  to  be  sandstones,  otlen  unite  tuiconsoli- 
dated  and  generally  very  soft,  marls  and  clays,  and  boulders  and 
gravel-beds  sometimes  forming  conglomerates.  The  dip  of  the  strata 
is  usually  towards  the  general  mass  of  the  mountains,  on  my  par- 
ticular section  being  N.N.E.,  at  an  angle  of  5°  or  mider  (see  Sec- 
tion No.  1,  Pl.  XVII.).  A  steep  face,  from  which  rise  the  highest 
summits  of  this  range,  is  thus  turned  towards  the  plains,  while  a  long 
gentle  declivity  slopes  inwards  and  forms  a  shallow  valley  along  the 
general  hue  of  strike,  by  meeting  the  foot  of  the  next  line  of  hills 
which  runs  on  the  whole  parallel  to  the  outer  line,  but  from  five  to  ten 
miles  further  in.  This  longitudinal  depresaiou  is,  as  may  be  sup- 
posed, by  no  means  continuous,  but  is  broken  up  in  some  places  by 
the  passage  of  the  streams  that  drain  the  interior  of  the  mountains, 
in  others  by  the  confluence  of  the  two  ranges  of  hills  that  usually 
form  distinct  lines.  The  lower  parts  of  these  valleys  generally  appear 
to  be  covered  with  a  deposit  of  boulders  and  gravel,  that  slopes  some- 
what steeply  from  the  great  mass  of  mountains  towards  the  outer 
range  of  hills,  so  that  the  whole  of  the  bottom  of  the  valley  is  con- 
siderably raised  above  the  level  of  the  plain  without.  The  drainage 
of  these  valleys  usually  collects  along  their  longitudinal  axis,  and  either 
falls  into  some  of  the  larger  streams  that  cross  them,  or  less  frequently. 
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by  a  sudden  bend  to  the  south,  finds  an  exit  for  ituclf  into  thr  plain*.  1 
These  valleys  arc,  in  the  country  with  wliich  1  am  acqiiuiutcd,  irmic^J 
Diln,  while  in  Nvpal,  according  to  Mr.  Hodgson,  thry  are 

I  may  here  mention,  that  with  these  valleys  has  bwn  coiifonnilr 
by  some  writers  a  totally  distinct  tract,  locally  called  Tariii  or  Tai 
yani.     Along  the  southern  edge  of  the  outer  hills  extends  a  band  i 
ten  miles  or  so  in  breadth,  usually  coveretl  by  forest,  and  renmrkabb 
for  its  utter  want  of  water.     .\ll  the  minor  .ttrrams  as  they  leave 
foot  of  the  hills  are  rapidly  absorbed  and  disappear  in  the  saudy  ami 
ahingly  deitosits  tliat  there  prevail,  and  wells  nave  to  Im>  huuL  to  • 
great  depth  before  water  can  be  met  with.     The-  >|>e  of  thia 

absorbent  band  is  very  considerable  near  the  hil'  .idU  dimir 

nishes  as  we  recede  from  them  ;  and  we  usually  tiiid  iltat  at  a  outaoCB 
of  from  ten  to  fifteen  miles  the  character  of  the  (Muntry  changn  rsUwr 
suddenlv,  the  extreme  drjiiess  of  the  foresl-belt  being  »urc««d(<l  hy 
a  line  oi  >iwamp,  clothed  by  a  thick  growth  of  reeds  and  graivcs ;  thn 
is  the  Tarai.  It  has  been  usually  supposed  that  this  swampy  trset^| 
was  formed  by  an  actual  depression  in  the  general  surface  of  tlic^H 
country  ;  but  tliis  seems  to  be  altogether  an  crroneoiu  idi'a.  the  truth 
being  that  along  this  Une  the  drainage  of  the  higher  country  bcyouil 
breaks  out  in  copious  springs  which  collect  iutu  swamp*,  iii  »omr 
smidl  degree,  perhap.s,  from  artificial  obstructions  to  their  outdow  fa 
the  purpose  of  utilizing  the  water  for  irrigation,  but  chiefly,  I  con 
ceive,  from  the  small  slope  of  the  country,  which  can  oulv  auiouul 
a  few  inches  in  the  mile  for  a  distance  of  many  hundred  miles  fn 
the  sea.  We  acconhugly  sec  that  this  peculiar  feature  of  the  plaint' 
immediately  along  the  outer  hills  is  contined  to  thr  n^mtrv-  to  the 
east  of  the  Gaiigc»,  the  general  level  of  which  iacomjdrr  '  il.nn 

that  to  the  west  of  that  river.     The  drii-  band  of  r<'  !  pr*-- 

gume,  a  great  talus  of  coarser  matter  that  has  bn-n  ituiin.i  ulon^-  a 
former  Une  of  coast,  covering  a  depo^il  of  finer  and  lew  pcriuiaLilr 
silt,  just  as  appears  to  l>e  usual  now  ;  the  surl'iifc  of  the  former  lir-.i.c 
naturally  more  inclineil,  of  the  Utter  alniuM  horizontal,  and  the  dnuii- 
age  of  the  whole  of  the  upper  portion  being  brou(;ht  to  the  muttte 
along  the  line  of  union  of  the  two. 

The  Siwalik  Hills  seem,  with  hardiv  any  exception,  to  have  m  wcU* 
defined  existence  along  the  whole  of  the  ciiain,  from  the  (tutluj  to  tbc 
meridian  of  Calcutta,  running  in  a  tolerably  regular  line,  and  pi«MBlia( 
much  the  same  general  features  close  along  the  sontliem  rdfr  ofdw 
general  mass  of  mouutaius.  It  so  ha|>|>en»,  however,  that  at  lb«  |«r- 
ticular  nince  where  my  esaminaticm  took  place,  thnx-  hilla  u*  tx> 
oeedingly  ill  develo|K>d  ;  and  as  I  c<mlcl  nowhere  finil  nr  hrar  of  amr 
fossil  remains  among  them,  I  did  not  think  it  worth  whde  to  dnvtl 
•o  mudi  of  my  already  very  limited  time  as  would  ha<  e  been  Mtec»- 
aarv  for  such  a  puqiose  to  an  attempt  to  unravel  their  iihii  iiiiliii, 
which  after  all  wotUd  mintt  probably  have  brrn  unavailing.  I  UB 
eGiiMi|iMatiy  unable  to  ullVr  imy  fresli  informntiou  a*  lo  tne  a^  of 
Umw  itnU  which  have  hitherto  been  suppuicd  lo  bdoog  la  At 
Miocene  Period.  ^^^ 
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Associated,  in  some  manner  that  I  am  unable  to  explain,  with  these 
outer  hills  we  find,  as  we  advance  into  the  mountains,  other  beds 
chiefly  consisting  of  light-coloured  sandstones,  often  containing  small 
Beams  of  lignite  and  imperfect  vegetable  impressions,  often  associated 
with  marls  and  gypsum,  and  sometimes  with  salt  springs.  So  far  as 
I  have  been  able  to  form  an  opinion,  these  beds  seem  to  occur  imme- 
diately along  the  foot  of  the  great  moimtaius,  of  which  at  first  sight 
they  appear  to  form  a  part,  in  a  [josition  intermediate  between  them 
and  the  outer  or  Siwalik  bills,  unci  forming  indeed  the  northern 
boundary  of  the  longitudinal  valleys  I  have  been  describing.  These 
strata  contain  no  other  fossils  that  I  have  heard  of,  excepting  the 
vegetable  impressions  just  mentioned.  They  all  dip  to  the  N.N.E. 
at  a  low  angle,  thus  appearing  to  overlie  the  Tertiary  beds  of  the 
outer  hills  and  to  go  below  the  mass  of  moimtains  to  the  north  of 
them  (see  Section  No.  1).  Tlie  obscurity  of  all  this  is  increased  not 
a  little  by  the  discovery  of  what  I  believe  to  be  the  impression  of  a 
large  Trilobite  in  a  locality  on  the  southern  face  of  the  mountains, 
not  far  from  the  pince  where  these  sandstones  end,  and  apparently 
superimposed  on  them.  This  fossil  has  unluckily  been  mislaid,  but  I 
hope  to  be  able  to  get  it  again.  On  the  whole,  however,  I  think  it 
appears  most  probable  that  there  nmst  be  a  series  of  great  faults 
along  the  southern  edge  of  the  moinitains,  by  which  these  confused 
appearances  are  produced.  As  to  the  iimer  line  of  sandstones,  it  has 
been  surmised,  entirely  however  from  their  mhicral  character,  that 
they  are  of  the  Saliferous  age,  and  that  they  may  possibly  be  the 
extension  of  the  strata  containing  rock-salt  which  we  find  on  the 
same  general  line  further  to  the  west  in  the  Punjab;  it  is  also  possible 
that  they  may  have  some  connexion  with  the  fossiliferous  strata  said 
to  occur  near  Sabathii*. 

The  whole  of  these  deposits,  including  the  outer  hills,  seem  to  have 
a  nnu'h  more  considerable  development  as  we  proceed  from  the  Ganges 
westward,  both  as  to  altitude  and  breadth  of  exposure  at  the  surface 
(see  Mu])).  Thus  the  outer  hills,  which  in  the  proximity  of  my  Hue  of 
section  hardly  exceed  100  or  200  feet  in  elevation,  reach  a  height  of 
3000  feet  between  the  Ganges  and  Jimuia,  and  I  believe  as  much  as 
COOO  feet  to  the  west  of  the  latter  river.  The  horizontal  extent  occu- 
pied likewise  appears  to  increase  in  a  similar  manner.  It  is  then,  I 
think,  to  a  careful  examination  of  the  outer  ranges  of  hills  in  the 
northern  part  of  our  newly-acquired  territories  in  the  Punjab  that  we 
may  look  fur  the  solution  of  the  obscurities  that  now  involve  the  rela- 
tions of  all  these  beds,  and  investigations  are,  I  beheve,  now  going  on 
there  from  which  we  may  hope  to  obtain  much  valuable  information. 

As  we  advance  along  the  line  of  section  to  the  northward  we  find 
that  we  have  now  entered  the  great  mountain-region,  which  continues 
without  a  break  for  a  distance  of  nearly  500  miles.  The  exterior 
pf)rtion  of  this  rises  somewhat  suddenly  to  an  average  elevation  of  up- 
wards of  rouO  feet,  the  highest  summits  exceeding  8500  feet  in  alti- 
tude. It  consists  of  a  mass  of  argdlac'eous  schists,  grits,  and  Umcstones, 

♦  Spc  ^fajo^  Vicary't  Paper  nii  Ihc  Upper  PuDJaub,  Quart.  Journ.  Geol.  Soc. 
vol.  vii.  pp.  45,  46. 
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intersected  by  one  or  more  lines  of  ig;neoiu  action  (ate  Map). 
schists  gometiines  hare  a  true  slaty  fracture,  the  grits  paM  into  qa 
ites,  and  the  limestones  are  for  the  most  part  exceedingly  hard  and 
compact,  and  of  a  dark  colour ;  the  whole  being  entirely  drroid  of 
fossil  remains.  The  siratifieatinn  of  the  beds  is  {>erfectly  c\t%T,  th« 
dip  being  in  general  to  the  N.N.E.,  at  an  angle  of  frum  ID'"  to  15'^. 
On  the  Ime  of  section,  however,  a  portion  of  the  mountain  is  cniwrd 
where  we  find  the  dip  to  be  suddenly  reversed,  so  as  to  take  the  di- 
rection of  S.S.W.  (see  Section  No.  1).  This  retcrsal  of  ihe  dip  is 
of  rather  frequent  occurrence  in  the  mountains  generally,  and  M«ms 
to  be  \«ithout  doubt  the  result  of  the  absolute  rupture  and  dislixsuion 
of  an  immense  mass  of  the  strata,  in  this  case  five  or  six  miles  square. 

The  lines  of  igneous  action  on  the  whole  follow  that  of  the  strike. 
Although  greenstone  may  be  taken  as  the  prevailing  type  of  the  enip- 
tive  ro<'k,  there  are  verj'  great  varieties  in  its  comp<.>sition.  In  some 
places  it  is  crystalline,  and  then  sometimes  assumes  the  8]ibcroidal 
form  ;  in  others  it  has  an  almost  homogeneous  granular  texture.  At 
one  place  it  passes  into  a  syenitic  rock,  at  another  into  a  gnuiita. 
From  being  undoubtedly  crystalline  and  amorphous,  it  gnulually 
takes  a  decidedly  lamiimted  structure,  haring  the  aspect  of  an  rarthj 
or  uncrystalliue  gueiss.  At  one  point,  a  little  to  the  east  iif  the  arr- 
tion,  an  outburst  of  considerable  extent,  chiefly  of  an  aniygtlaloidal 
fonn,  is  assiKnated  with  the  formation  of  several  small  lakes,  at  rlera. 
tions  of  between  3000  and  4000  feet.  Not  far  from  theoe  is  another 
small  lake,  called  Naini-til,  which  gives  its  name  to  a  Mnitury  set- 
tlement that  has  been  founded  on  its  c<igc.  In  the  immedi.ile  vici- 
nity of  this  lake,  the  elevation  of  which  is  aWut  6400  fc«t,  are  dy  kea 
of  a  well-defined  crystalline  greenstone,  one  of  which  rcariiea  to  the 
summit  of  the  ridge  above  the  lake  to  an  altituile  of  iipwartia  of  7000 
feet.  A  similar  greenstone  is  met  with  in  several  u\ncv*  at  rqoai  •!•>• 
vations  on  the  more  southeni  face  of  this  group  ot  mountains.  Hm 
line  of  igneous  action  is  elsewhere  seen  to  enter  the  sandstone  ltl||OB 
last  described.  The  eruptive  rock  then  takes  the  fonn  of  a  gnaitt^ 
which  in  some  places  becomes  of  a  dark  green  cvluur  by  the  mixtar* 
of  what  a|)|)ear9  to  be  chlorite  in  conaiderable  ouantitie*.  I  cmild 
not  sec  any  actual  contact  of  this  granite  with  the  strata  in  its 
neighl)ourhood,  but  the  sandstone  is  seen  within  a  rery  few  yards  of 
it  <pnte  unchanged  ;  and  such  appears  to  bo  the  case  with  all  thia 
aeries  of  eruptive  rocks,  their  eflfrct  invariably  Mrming  to  be  conflacd 
to  shattering  the  strata  and  n-ndering  them  rather  morv  avlneet  I* 
decay  than  usual.  On  one  part  of  the  line  rich  mines  of  nd  MHH^ 
tite  are  found  and  worked  in  quartz-rock  close  to  the  trap. 

.\lthough  the  i-vidence  is  confessedly  defeotivr.  I  yet  think  that 
there  seems  reason  to  snp^tose  that  an  assembla^  of--'  !  lime- 

stones  of  a  semicrystallme  character,  associatetl  with  rxxka 

of  the  grecnstoiu-  order,  such  as  I  have  here  been  descrtbuig,  is  not  a 
merely  local  phRMiomeuun,  but  that  tfaeae  roek«  are  always  fooMl 
along  the  southern  edge  of  the  monntaius  im" 
the  sandstonr-ranges.     To  the  east  of  the  Kih  1 
whatever,  but  from  that  rirer  to  the  Jumna  ««  hav* 
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denee  of  the  truth  of  mv  inference.  Proceeding  far  to  the  west,  to 
Cashmere,  we  again  fiuu  that  the  exterior  Une  of  mountains,  that 
rises  immediately  over  the  sandstAnes,  is  constituted  of  the  same 
rocks,  although  the  elevation  they  attain  is  there  so  great  (viz.  I.S.OOO 
or  11, 000  feet)  as  to  bring  them  almost  within  the  range  of  per- 
petual snow.  An  aniygdnloidal  greenstone,  of  which  I  myself  hap- 
pen to  have  seen  specunens,  is  found  on  the  summit  of  these  moun- 
tains at  the  Dras  pass,  and  the  schists  with  which  it  is  seen  are 
described  by  Jacquemont  as  being  identical  with  those  of  the  exterior 
range  between  the  Ganges  and  Jumna,  which  again  are,  as  I  have 
already  observed,  altogether  similar  to  those  of  the  more  eastern  parts 
of  tlie  line. 

Fullowing  the  line  of  my  section,  we  next  enter  a  tract  of  con- 
siderable breadth,  the  main  rock  of  which  is  a  mica-schist  of  a  not 
ver}'  crystalline  order,  and  which  generally  disintegrates  readily.  Its 
dip  is  throughout  to  N.N'.E.  at  a  moderate  angle.  Along  the  central 
part  of  this  reg:ion  runs  a  line  of  granite,  that  extends  with  hardly 
any  interruption  from  the  Kiili  to  the  Ganges  (see  Map),  near  which 
river  it  seems  to  end  in  a  large  outburst  in  a  mass  of  mountain,  the 
elevation  of  which  reaches  10,300  feet.  The  ordinary  summits  along 
the  line  are  not  however  more  than  "IIOO  feet  in  altitude.  This  gra- 
nite nowhere  appears  to  produce  any  particular  disturbance  of  the 
strata  on  a  large  scale  ;  the  dip  remaining  at  much  (he  same  angle, 
and  constantly  to  the  N.N.E.,  on  both  sides  of  the  granite.  The 
granite  is  often  poq)hyrific,  and  it  maintains  tfiis  character,  as  well 
as  that  of  being  much  sid)ject  to  decay,  throughout  its  whole  extent. 
In  one  place  I  have  seen  veins  in  its  vicinity  penetrating  the  mica- 
schist,  and  accoin])anied  by  considerable  contortions  of  the  strata. 
The  vein-granite  is  much  more  coarsely  grained  and  more  felsjtathic 
than  that  of  the  great  outburst.  Near  the  edges  of  the  granite,  frag- 
ments of  mica-schist  showhig  a  distinctly  laminated  structure  are 
not  uncommonly  found  imbedded  in  it.  At  one  place,  at  its  edge,  was 
also  seen  an  outburst  of  syeiutic  greenstone,  in  the  form  of  a  dyke, 
the  exterior  of  which  was  amorphous  and  earthy,  while  the  central 
portion  was  highly  crystalUae,  of  a  very  black  colour,  and  assumed 
the  spheroidal  structure. 

The  imperfect  nature  of  our  information  does  not  enable  me  to 
trace  this  line  of  granite  with  certainty  to  the  west  of  the  Gauges, 
but  it  is  highly  probable  that  the  granite  of  the  Chor  mountain,  the 
summit  of  which  reaches  a  height  of  12,000  feet,  may  be  a  continua- 
tion of  this  same  outburst. 

Tliroughoiit  these  schists  garnets  are  very  frequently  foimd  of 
every  size,  from  an  inch  in  diameter  and  downwards.  Veins  of  schorl, 
with  small  quantities  of  felspar,  are  also  common.  Limestone  is  very 
rare  in  this  tract,  and  I  oidy  know  of  one  small  bed,  which  is  very 
crystalline.  Graphite  occurs  in  the  mica-schist  in  the  vicinity  of 
Almora,  the  chief  town  of  our  hill-districts,  both  in  an  impure  form 
disseminated  in  the  schist,  and  in  small  nodules  apparently  quite 
pure.  A  very  remarkable  band  of  rock,  apparently  intcrstratificd 
with  (he  mica-schists,  and  of  such  a  nature  that  it  is  not  easy  to  de- 
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cide  wlietlicr  it  be  eruptive  or  merely  metnniorjiluwetl,  nltliuugh  on 
the  whole  the  latter  is  the  more  prolinlile,  has  Ix-en  tmeed  aorow 
this  jmrt  of  the  coimtry  in  the  direction  of  the  stnke  for  upward*  of 
thirty  miles,  miiintiiinin^  its  peeuliRr  ehnraetent  unrhuuei'd,  idthaQgh 
the  beds  of  which  it  consists  are  only  n  few  inches  in  thic 

As  we  approach  the  northern  ed;^-  of  this  rej;iou  of  mkt-Kl 
we  perceive  that  the  dip  graduidly  chaujies  from  N.N.E.  to  S.S 
(see  Section  No.  1).  This  change  of  dip  is,  so  far  as  the  country 
been  examined,  continuous  from  the  Kiili  to  the  Ganges,  fullowioc 
the  general  line  of  strike,  although  the  chanice  is  not  alwny«  grraduiJ, 
as  ou  my  section.  The  reappearauce  of  some  praphitr-bnl»  on  oppoaijr 
sides  of  the  syuclinal  axis  on  the  line  of  section  giies  us  g;roniiii»  for 
supposing  that  this  belt  of  strata,  dippiug  to  the  south,  in  the  rou- 
tiuuation  of  those  di]>ping  to  the  north  iuiniedintely  atljoining  thrtn. 

Although  I  have  thus  far  sjHiken  of  this  tract  as  consisting  of  inir»> 
schist,  which  indird  is  the  case  on  the  line  of  my  M-clion,  we  afaall 
iind  thut  to  the  west  there  is  a  (Hmsiderahle  develo|mient  of  ipinrtzoae 
rocks  (to  the  south  of  the  grajiite),  which  gradiwlly  pass  into  a  i 
cided  tnica-schist  and  gueiits  as  they  a[>pro\iniate  to  the  grauii 
The  same  is  true  of  the  rocks  to  the  north  of  the  hue  of  gn 
the  east,  and  we  fiirther  observe  that  the  M-hists  in  the  whole 
tract  are  usually  \ery  i^uartxoae.  It  seems,  therefore,  hi;;hljp 
bable,  that  tiie  mica-schists  of  this  belt  of  the  molintaini  have 
produced  hv  the  aetipu  of  the  granite  on  (piartzose  beda  that 
viously  to  tlie  eniptiou  occupied  the  whole  sjwce. 

On  iiassing  the  northern  edge  of  this  tract  of  inica-sehirrt 
a  decined  dislocation  of  the  strata  (sec  Section  No.  I),  following 
line  of  strike  generRlly,  and  wc  come  uiMtn  a  set  of  rocks  of  a  li 
different  character,  which,  however,  maintnin  a  great  similarily  imti 
»e  along  the  line  of  change.     This  line  is  likewise  followed  by  a  Di 
of  eruptive  action,  which  is  possibly  conneeteil  with  the  tilting  of 
northern  edge  of  the  inica-schist  tract  to  the  soutb-wfst. 

This  enij)tive  line  (iH'e  Map)  ha.1  lieen  traced,  with  li.v  ■  ":     1 

from  the  KuH  to  the  (Jaiiges.  The  rock  ii  for  the  n 
stone,  but  a  black  batalt  also  U  found  in  one  or  two  placca.  Thv  gm-i>> 
Stones  aloii'^  this  line  are  fre(|uently  seen  to  (lass  into  decided  jicibista, 
and  the  ennglomerates  and  breccias  that  liave  been  temiMl  "aah" 
or  "  volcanic  grit "  are  common.  In  these  conglomenuea  I  hare 
found  quarfiose  pebbles,  the  exteriors  of  which  atv  distinctly  mollcn, 
•  nucleus  in  the  centre  In-ing  left  com|«retitciv  unchaiige<i ;  mixed 
with  these  are  smaller  pebbli-»,  which  have  been  acted  on  quite 
through  ;  and  it  is  curious  to  ohtienrc  quartzosc  beds  in  tlie 
bourhood  distinctly  stratitied  with  slates,  assuming  exactly  Hm 
ance  of  these  biikt*d  pebbles.  There  seems,  therefore,  to  be 
reaauu  to  infer  that  some  of  tliese  gn-enstones  are  rontempormi 
with  the  stratilted  rtx-ks  that  acciimjiany  them.  The»e  arr 
most  part  slates,  limestone*,  and  gritt  or  ipinrtxite*.  The  liii 
are  usually  very  hard,  oAeu  asMX'iatrd  with  stcAlite  in  the  ri«iBitT 
of  the  trap-rocks.  Iron  and  i-o]i|ier  likewiM-  follow  the  hne  o(  Um 
rrupiive  rocks ;  the  iron  usually  near  the  eruption,  the  copper 
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further  off  with  the  limestone  and  steatite,  and  with  these  is  also 
coinnionly  found  a  rather  remarkable  cr)'*talline  carbonate  of  mag- 
nesia. The  dip  of  these  beds  is  to  the  N.N.E.,  but  in  the  vicinity  of 
the  cniptivc  rocks  they  are  frequently  very  much  disturbed  and  con- 
torted, and  have  everj'  appearance  of  having  undergone  considerable 
change  from  the  action  of  heat. 

Ill  proceeding  still  further  northward,  similar  strata,  with  large 
quantities  of  limestone,  continue  for  many  miles.  The  strike  remains 
the  same  throughout,  but  two  bands  are  crossed  iu  which  the  dip  is 
guddeidy  reversed  from  N.N.K.  to  S.S.W.  On  one  of  these  hues 
of  dislocation,  where  the  strata  are  absolutely  vertical,  is  a  hydro- 
siil]»huretted  spring.  It  issues  from  n  limestonc-roek,  incnisting  the 
surfaces  of  the  substances  iu  its  neighbourhood  with  minute  crystals 
of  sulphur,  and  depositing  a  large  bed  of  tufaceous  carbouale  of  lime 
as  it  flows  onward.  Some  miles  to  the  east  of  my  section,  a  simikr 
spring,  which  is  distinctly  thermal,  may  also  be  seen  on  the  same  line 
of  fault ;  and  I  have  reason  to  suppose,  from  what  I  have  heard,  that 
there  is  another  still  further  to  the  east,  nearly  on  the  same  line,  at 
the  KiUi  River. 

The  schists  and  limestones  generally  become  talcose  along  the 
northern  part  of  this  region,  and  we  then  jiass  into  the  crystalline 
schists  tliat  are  invariably  found  along  the  line  of  the  great  peaks, 
and  this  we  also  find  to  be  a  line  of  granitic  eruption.  To  the  west 
of  the  section,  however,  the  strata  to  which  I  have  been  alluding  are 
for  the  most  part  converted  into  higldy -crystalline  schists,  apparently 
by  the  intrusion  of  two  hues  of  granite,  the  more  northern  being  a 
branch  of  the  granite  of  the  snowy  peaks,  while  the  other,  which  is 
furtluT  soutli,  has  a  mineral  character  j)eculiar  to  itself,  although  it 
still  follows  in  general  the  line  of  strike. 

Entering  tlie  region  of  the  crystalline  schists  of  the  great  line  of 
peaks,  we  find  the  strike  still  remaining  the  same,  with  the  dip 
pretty  constantly  to  the  N.N.E.  (see  Section  No.  1).  Along  the 
lines  on  which  the  points  of  greatest  elevation  are  found  in  this 
part  of  the  range,  we  invariably  see  for  a  breadth  of  several  miles 
veins  of  granite  in  great  abundance  penetrating  the  schists,  often 
cutting  through  them,  but  perha])s  most  frequently  following  the 
bedding  of  the  strata,  between  which  they  seem  to  have  been  forced. 
The  great  peaks  are,  I  think,  in  almost  every  case  composed  of 
scliistose  rock,  but  the  granite-vems  may  be  most  clearly  seen  on 
the  faces  of  the  mountains  to  very  great  elevations.  Kamet,  one  of 
the  highest  of  the  peaks  in  this  region,  seems,  however,  to  be  among 
the  exceptions  to  this  nde ;  its  summit,  which  is  upwards  of  25,.i00 
feet  above  the  sea,  appearing  to  consist  of  granite  alone.  This  line 
of  granite  seems  to  be  subtUvided  into  several  branches,  distributed 
generally  along  the  strike,  but  otherwise  not  very  regularly  (see  Mbj>). 
It  appears  to  consist,  where  I  have  seen  it,  almost  entirely  of  veins 
of  moderate  size,  and  such  is  probably  its  general  character  iu  the 
portion  of  the  mountains  between  the  Sutluj  and  Kuli ;  but  the  veins 
occasionally  expand  into  masses  of  considerable  magnitude  ;  and 
more  rarely  large  outbursts  are  met  with  that  constitute  whole  moun- 
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tains.  In  the  Ticiiiity  of  the  peak  to  which  I  have  just  alluded,  Kamrt, 
the  grauite-area  is  verj'  large  (see  Map),  and  •  similar  drvrlopmr; 
of  it  also  occurs  in  the  vicinity  of  Gangotri,  at  the  sourer  of  t! 
sacred  branch  of  the  Ganges.  The  Tein-granite  is  luunlir  larL 
grained,  with  schorl-crystals.  It  is  very  hard  and  durable,  neitli 
It  nor  the  schists  that  accoin{>any  it  being  at  all  liable  to  deem 
The  felspar  of  all  the  granites  that  I  have  seen  in  tliese  mnuntaii 
is  white,  and  kyanite  is  of  frequent  oceurrenw  in  the  veins. 

The  schists  that  accompany  this  gmnite  are  very  hard  and  cr>'s( 
line,  and  comprise  all  varieties  of  mica-schist  and  gneiss.     Bed* 
highly  crystalline  limestones,  some  pure,  others  hardly  to  be  disti 
guished  by  sight  from  mica-schist,  are  of  frequent  occurrence,  and  a 
band  of  such  rocks  seems  to  traverse  the  country'  near  the  line  of 
greatest  elevation.     The  strata,  where  penetrated  by  the  granite, 
often  very  much  contorted,  and  the  dip  appears  on  the  whole  to 
crease  as  we  approach  the  granite,  where  it  reachea  an  angle  of  16 
which  it  does  not  often  exceed.     Thermal  springs  ar«  met  with 
many  of  the  valleys  along  the  Une  of  granite,  and  in  several  that 
am  acquainted  with  the  temperature  seemed  pretty  regularly  to 
about  128°  Fahr. 

The  whole  of  the  appearances  presented  by  the  granite  and  crrital- 
line  schists  of  the  great  line  of  peaks  in  this  part  of  the  moiuitaii^ 
seem  to  be  universally  repeated  throughout  the  whole  length  of  the 
chain  when  we  reach  the  region  of  maximum  elevation  ;  and, 
extend  our  examination,  we  still  continue  to  find  additional 
for  concluding  that  the  gi-neral  geological  phiruomena  of  the 
and  the  causes  that  have  produced  them,  remain  very  similar  O' 
great  distances. 

The  line  of  section  that  I  have  selected  to  illujitratr  the  gffAofj  of 
the  upper  parts  of  these  mountains  is  taken  a  little  to  the  west  of  thr 
lower  part  of  the  line,  through  the  roiuttry  that  I  have  examined  the 
best,  in  the  neighbourhood  of  Niti  (see  Section  No.  VJ,  and  Map). 

In  immediate  BUccci««ion  to  the  crj'stalline  schists  penetrated  by 
granite-veins,  we  here  come  at  once  ujwn  slatv  beds  overlying  thenv 
along  the  bottom  of  which,  near  the  mica-schists  and  gurtss,  is  a  hi 
of  granite-veins  diifcring  somewhat  in  appearance  from  those  of  t 
larger  eruption,  and  not  producing  any  great  alteration  in  the  slat 
beds  themselves,  as  is  shown  by  the  occurrence  of  a  coarse  congl 
merate,  the  component  parts  oi  which  arc  perfectly  distinct,  only 
few  feet  above  tlie  granite.  Sufficient  change,  however,  luu  taken 
place  to  prevent  our  distinguishing  much  more  than  that  the  ctnud* 
tuents  of  this  ruck  are  chiefly  quartzose,  aiul  that  it  fflntaini  rounded 
Stones  of  all  sizes.  I  have  met  with  this  congjwwite  in  a  similar 
position  and  with  mudi  the  same  general  appearance  thirty  miles  or 
so  further  to  the  east. 

Aliove  these  are  slaty  beds,  in  aU  perhaps  9000  feet  in  »*«»»*»«^ 
oonsisting  of  coarse  slates,  grits,  and  limestone*,  aQ  more  or  Urn  ^ 
fected  by  slaty  dearage,  and  all  devoid  of  foosd  mmuBS. 

It  is  after  reaching  the  top  of  these  strata,  which  is  rmtf  deae  at 
a  kii  dentioo  than  14,000  feet  above  the  sea,  that  we  at  length 
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enter  again  a  region  of  fossiliferous  rocks,  which  extends  as  far  as  my 
examinations  have  been  carried.  And  it  is  not  a  little  wonderful  to 
find  at  this  immense  elevation  a  regular  succession  of  most  of  the  more 
important  formation-s,  from  the  Silurian  to  the  Tertiary  Periods. 

The  Palaeozoic  beds,  met  with  immediately  above  the  slaty  rocks  I 
have  just  mentioned,  seem  to  have  a  thickness  of  about  6000  feet,  but 
it  is  (juite  possible  that  organic  remains  may  extend  lower  than  I 
supposed  ;  indeed,  from  the  verj'  difficult  nature  of  the  country,  the 
precise  thickuess  of  the  deposits  and  the  limits  of  the  different  forma- 
tions cannot  be  determined  properly  without  a  much  more  careful 
examination  of  the  country  than  I  was  able  to  give  it. 

The  lower  portion  of  these  strata  are  undoubtedly  of  Silurian  age, 
and  I  am  indebted  to  Mr.  Salter  for  the  following  hst  of  the  species 
that  he  has  been  able  to  recognize  on  a  somewhat  cursory  examination 
of  my  specimens. 

Among  the  Trilobites  are — Cheirunu  (the  Silurian  form  of  the 
genus),  Lichas,  Jsaphut  (only  as  yet  found  in  Lower  Silurian  beds), 
Cybele,  Illcenus. 

Of  Molhtscs  are — Strophomena,  a  strongly  ribbed  OrtMs,  Terebra- 
tiila,  Lepttena  very  Uke  L.  depreita,  Lingula,  Orthoeerai,  Cyrtocerat, 
and  Lituites. 

Of  Polyps — Favogitet,  Ptilodktyon,  Cheetetea. 
Also  Encrinitei  and  Cyttideee  ;  Tentaculiteg  and  other  Annelids, 
and  Fucoids. 

I  was  likewise  fortunate  enough  to  have  an  opportunity  of  showing 
these  fossils  to  M.  Barrande,  who  appeared  to  have  little  doubt,  firom 
their  general  character,  that  some  of  the  beds  from  which  they  came 
were  certainly  of  Lower  Silurian  age. 

The  lowest  beds  of  these  Palreozoic  strata  consist  of  dark-coloured 
thick-bedded  hmestones,  in  some  places  filled  with  Corals.  These, 
however,  I  have  not  yet  had  an  opportunity  of  having  examined.  They 
are  succeeded  by  limestones  mixed  with  slates,  in  which  were  found 
the  strong-ribbed  Orthu,  Terebratula,  Lingula,  a  large  Univalve,  and 
fragments  of  Enerinites.  Above  these  come  flaggy  hmestones  with 
grits,  that  contain  the  greater  part  of  the  Tritobites,  Strophomena, 
Lepttetia,  Lituites,  Ptilodicfyon,  Cyxtidea;,  and  Fucoids.  The  beds 
then  become  more  argillaceous,  and  shales  and  slates  mixed  with  an 
impure  concretionary  limestone  follow.  In  these  beds  are  found 
Cyrtoceras  and  Orthoceras,  and  amongst  the  nodular  concretions  of 
limestone  a  Chtetete*  is  common.  Next  in  order  come  dark-red 
grits,  sometimes  marly,  containing  only  a  few  fragments  of  Encrinital 
stems.  Above  these,  pale  ttesh-coloured  quartzite,  and  finally  a  white 
quartzite,  in  neither  of  which  I  ever  found  any  fossils,  and  which  form 
tiie  highest  }(eaks  of  the  ridges  composed  of  the  Palaeozoic  rocks. 

The  whole  of  these  strata  are  in  various  degrees  affected  by  cleavage 
and  joints,  which  penetrate  all  the  beds  without  regard  to  their  mineral 
character,  although  in  a  somewhat  less-marked  degree  in  the  lime- 
stones and  quartzites. 

That  the  general  sequence  of  these  strata  is  pretty  regularly  main- 
tained, I  have  seen  over  a  longitudinal  extent  of  about  fifty  mues,  but 
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it  appears  highly  iirobuble  that  their  lU've-Iopmout  has  a  far  prmXrr 
range,  as  we  sliall  aim  u^  to  be  the  case  with  some  uf  the  otbet 
groups  of  ilie  fossiliferous  rocks. 

From  an  pxamination  of  M.  Jacquetnont's  aci-ount  of  hia  f^lofpcal 
researches  in  the  upper  parts  of  Kiinawur,  I  think  it  almutl  cntain 
that  lie  must  have  f'ounil  Silurian  fossils,  as  well  «»  others  of  tlie  newer 
formations  which  I  shall  presently  mention,  and  I  ho]ie,  if  these  are 
still  preser>°cd  at  Paris,  to  have  au  op[K>rtuuity  of  swing  tbem  biiign 

Before  passing  on,  I  must  observe  the  very  remnr'  ." '  "  -;ty 

of  general  mineral  ttp])earance  that  subsists  between  '  ^« 

of  the  Himalaya  and  of  this  country.     The  peculiar  |  >iuawd 

by  many  of  these  rocks  answers  must  exactly  to  the  <i  .n  cifCB 

by  (tir  Roderick  Murchison  of  tlic  Silurian  dLstricts  of  \V  itlp!>,  and  the 
characters  of  the  concretionary  lime.itoui's  of  bolh  couiitri'^  ripiM-ar 
equally  to  correspond.      K\eu  in  hiuid-npecimena  the  text  n- 

]>earance  of  the  rocks  and  of  the  fossil  inipre<*sioiis  are  su  -  ,it 

they  might  most  readily  be  mistaken  one  for  the  other.  lu  poiatuix 
to  these  rescmblancca,  however,  I  would  not  have  it  supp"-. .!  th^i  | 
should  wish  in  any  way  to  set  up  mineral  character  a«  n  >  'v 

which  to  decide  on  the  age  of  any  rwk.  Nevertheless,  ll,.  u^.-.  if 
they  are  to  be  relied  upon,  would  a|)pear  to  indicate  that  m  ir«  ttti 
the  conditions  of  the  esiistence  of  organic  matter  to  have  hern  geoc*- 
rally  similar  over  large  areas,  or  even  over  the  whole  earth,  during 
tlie  same  epoch,  and  to  have  changeil  with  the  progress  of  tinir,  to 
likewise  has  it  been  with  the  eonihtioiis  under  which  the  mineral  cno> 
stituents  of  the  earth  have  been  aggregated. 

The  Paliroxoie  stnila  that  I  had  au  upportiuiity  of  examining  ia 
detail  in  »i7k,  which  I  have  just  been  describing,  ap(>ear  to  be  cxchi- 
sively  Silurian,  but  the  existence  ofrocks  of  Devonian  or  Carbouifcruiu 
age  seems  to  be  shown  by  one  of  my  specimens,  a  frapneut  Dot  fowMl 
in  *i(u,  which  contains  a  ProJuetu*.  I  may  here  bis  allomd  lo  n> 
peat  that,  the  higher  portions  of  the  Silurian  rocks  being  OfoaO^ 
found  at  elevations  of  1 7,00U  or  18,04)0  feet,  their  cxaminatinB  k  noC 
a  very  easy  task,  and  the  dittieulties  orca«ioned  by  the  great  altitode 
arc  infinitely  aggravated  by  the  cnnfu»ion  into  which  the  beds  aic 
thrown  by  the  vast  dislocations  that  have  acc<>m{>aiiied  the  clerattOB 
of  these  mountains. 

In  concluding  my  remarks  on  the  Palaeozoic  beds  I  wimld  nbaetv^ 
that  as  a  general  rule,  to  which,  however,  there  are  no  ()•:'■  — -rrr 
exc«-ptions,  the.te  nicks  are  to  be  fomid  forming  the  sunn  ;i* 

highe!«t  Passes  l>etweeii  the  British  provinces  of  Kumaoo  aivt  tiariiwai 
and  Tibet,  which  probably  average  I^<,0()0  feet  in  elcTadon.  and  that 
the  hi^beAt  points  of  the  ridgo  on  which  these  Passci  ar    '  t 

unfrequently  reach  nearly  ■.'0,(H)0  feet  in  altitude  (see Sect i  -   . 

In  proc«-tHliiig  along  the  section,  wc  shall  next  obwirv  mhuk  hols 
Terv  remarkable  from  their  apparently  cIomt  similarity  to  th»  Ua^ 
chelkalk  of  l':uro|M\  I  can  now  only  regret,  tliat,  not  hairiag  koM 
sufficicotly  aware  of  their  imfxirtance,  thrir  exact  rrUtioo  to  tin  beds 
btknr  tbcm  baa  not  been  better  made  out ;  but  ibcir  podtioa  in  thr 
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series  immediately  above  the  Paleeozoic  rocks  is  at  least  certain.  In 
one  place  these  strata  were  found  in  situ  intermediate  between  the 
Palteozoic  and  Secondary  rocks,  but  the  greater  part  of  my  specimens 
were  obtained  from  fragments  lying  on  the  north  slope  of  the 
Paleeozoic  ridge,  which,  as  may  be  seen  from  my  section,  No.  '2,  PI. 
XVII.,  appears  to  terminate  with  a  line  of  fault,  to  the  north  (jf  wliich 
a  cliff  of  Oolitic  age  suddenly  rises.  It  is  therefore  probable  that 
they  were  either  the  disjecta  membra  of  some  of  the  strata  broken 
up  ill  the  upheaval  of  the  great  mountain  above  them,  or  that  the  beds 
from  which  they  have  been  derived  are  immediately  below  them, 
covered  uji  by  the  vegetation  that  clothes  the  slope  of  the  valley. 

From  these  strata  1  have  obtained  not  less  than  twenty-five  species 
of  fossil  shells,  which  is  a  remarkable  circumstance  considering  the 
small  bulk  of  the  specimens  that  I  was  able  to  bring  away  with  me. 

Mr.  Salter,  who  lias  been  so  good  as  to  examine  these  also,  tells  me 
that  we  have  Ceratites,  Gonialites,  Ammonites,  Spiri/er,  Pecten, 
Terebratuh,  Clwnetes  1,  Pholudomya. 

The  Muschelkalk-beds  were  chiefly  dark-coloured  limestones,  and, 
where  seen  in  sitv,  were  associated  with  shales  and  dark-red  grits, 
the  latter  of  which  seemed  very  similar  to  those  foimd  near  the  top 
of  the  Paloeozoic  series.  The  hnc  on  whicli  they  were  seen  was, 
however,  a  very  bad  one  for  determining  such  matters,  for  it  was  in 
one  of  the  great  valleys,  and  coiisecjueutly  on  a  great  dislocation  where 
accumulations  of  debris  almost  always  greatly  predominate  over  rock 
in  titu. 

In  our  progress  northward,  we  next  come  upon  the  strata  that  form 
the  representatives  of  the  Jurassic  group.  .-Is  in  the  Palteozoic  beds, 
80  we  here  tind  the  general  dip  to  be  to  the  north ;  but  it  is  impossi- 
ble for  me  to  offer  any  opinion  as  to  the  degree  of  conformability  of 
any  of  these  deposits  one  to  another,  owing  to  the  great  disturbances 
to  which  they  have  everywhere  been  subjected.  It  appeared  to  me, 
however,  as  probable  that,  in  tlie  parts  of  the  mountains  that  I  exa- 
mined, a  great  line  of  fault  intervened  between  the  OoUtic  anil  Paloeo- 
zoic series.  The  mountain-ridge  of  Sdurian  age  most  carefully  exa- 
mined by  me  lies  generally  jiarallel  to  the  luie  of  strike,  and  along  its 
north-east  face  runs  a  stream  separating  it  from  the  Secondary  rocks 
■which  rise  in  aa  almost  impassable  precipice  beyond.  The  section 
here  exposed  must  be  at  least  5000  or  0000  feet  in  thickness,  but  the 
difficulties  of  the  route  prevented  my  extending  my  examination  into 
the  lower  beds.  The  lowest  that  I  reached  were  of  black  limestones 
and  shales,  with  very  few  organic  remains,  and  those  very  imperfect. 
Above  these  lie  several  thousand  feet  of  limestones  of  various  descrip- 
tions, the  rock  in  some  places  being  almost  made  up  of  fragments  of 
shells.  Prof.  Forbes,  who  has  kindly  looked  over  my  specimens  from 
these  beds,  is  inclined  to  identify  some  of  the  species  with  certain 
forms  that  occur  in  the  Fuller's  Earth  and  Combrash  of  Elngland; 
and  it  appears  that  there  b  here  no  representative  of  the  Lias. 

Continuing  to  ascend  in  the  series,  we  reach  next  a  large  develop- 
inent  of  dark-coloured  shales  which  aboimd  with  remains  of  Ammo- 
nites and  Belemnites,  the  former  usually  imbedded  in   spherical 
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iiuiiiiles,  Appnreiitly  of  much  the  miiiu  imturu  m  the  tlialtr  itielft 
excM-diiiply  coinpAct.     The  »hnli-  ia  for  tlio  most   |iMrt  ou  tho  otbtf 
hand  very  rottru,  aiid  the  band  of  country  al-  '  it  is  fotud  i* 

often  depressed  ho  as  to  form  a  vnlley,  af>[iiu<  '  uUMqucno*  of 

ttiis  disintegration  of  the  rock.     This  slinle  I'nif.  Forben  pTWWIUIBH 
to  be  without  doui>t  of  the  age  of  llie  Oxford  Clay,  a  i 
dicated  hy  the  jK'culiar  forms  of  the  AmmonUei,  »evfral  of  \ 
to  be  identical  with  species  found  in  beds  of  the  laine  *)ce  i 
and  Srinde,  wliicli  have  been  tt((ured  and  desicribed  iu  tho  TnuiHCtt 
Geul.  Soc.* 

The  existence  of  these  beds  in  the  northern  partt  oi  the  Himalaya 
was  |H)inte<l  out  by  Sir  Uoilerick  Murcliis<m  »orae  yi  -  -r  ns  DKnntd 
by  the  occurrence  of  gfliiie  of  tliesc  AmmoHilr*  v-  :i4  ••■•• 

Tliere  ii  indeed  direct  evidence  of  llie  existence  of  ilu-ii'  i.»\ii>rd  Clay 
(trata  for  a  distance  of  nlMiut  200  miles  to  the  wettward  of  ibr  ]>Un'a 
whore  1  liave  myself  M<en  them,  and  their  prolouf^tton  alos^  th* 
north  of  the  mountains  for  JOO  miles  more  iu  au  eaaterly  dincttn  ■ 
rendered  highly  probable  by  the  well-atteiited  reeurrenee  of  th*  Jmt- 
monitra  in  the  eastern  parts  of  the  kiiij^um  of  Nepal. 

Although  we  find  stratified  depotiits  ap|>areudy  Irinf  • 
ou  tlu-  Oxfurdian  strata.  I  cannot  sa^  anything  dDfinitc  I 
them,  aa  tlu  v  appear  to  )m'  almost  entirely  devoid  of  foasils.* 
aa>  very  WJ  and  comuact,  coiuisting  of  gni*,  ahak^,  aixl '' 
and  have  not  improbably  been  converted  into  tiieir  pnxcnt  atata  hf 
the  liction  of  cniptive  rocka,  which  arc  of  commou  occurrcuce  ia  Uut 
region. 

liut  the  most  (triking  feature  of  the  pralogy  of  thrw  mottntaiM  ii 
probably  that  which  1  luivc  next  to  mention,  vii.  tho  rxi«tvnr«a<'a|ataft 
Tertiary  denosit  at  an  elevation  of  from  li,(XM)  to  Ui.OUO  fixt  aboi* 
the  s<«,  still  preserting  an  almost  perfectly  lioritontal  surface.  On 
crosiing  thcwatcr-slied-ri<lgo  between  thoatrouna  that  flow  to  \ha\ 
nito  the  (laugrs,  and  tlniw  tlmf  fnll  into  th«  lippw  jwrt  of  th«  I 
til  the  north,  which  I'  -  ilu- lioumlr'  ef 

territorj-  and  Tibet  ( •  -'I  oiir*e!'. 

in  length  and  vuyiiiu 

away  in  a  narth-wwt>    .  '  7**- 

inlcnoct«d  bratupcindou^  luing  ncar^  3000 

fert  d«rp.    The  M«tiniu  :,..  us  to  sec  tltat  ihlm 

plain  i*  a  deposit  of  btiuldcrs.  gra%ei,  rhiy.  and  mud  of  nil  varietica  a( 
Dueiicaa,  loiaout  in  wclUmarktHl  beds  tlwt  ni"  m^mIv  t.rintl)^  witfi 
the  surfiMje  and  that  hardly  di'viate  from  a  hnr 

'llie  diarorrnr  of  the  tosaili(e<l  renmins  oi  >. . 
mammalia  distinctly  nmrks  the  Tertiary  agr  of  i 
rxiati-nc<'  of  surh  fiuMul  remaiiu  in  the  nurthrrn  |tan:i  m  uu-sr  i 
tains  had  been  long  known,  hut  we  wcrir  alliigethrr  ifitoraal  < 
j  :     and  luid  no  facts  before  its  I 

<  iiiil  a«  In  their  grnlugical  ] 

'iiiC    .\lli   '••  .    v\liu:li    ll    Uti '  '  •■% 

hnmght,  t-  ■•{■  place  where  ;  .  iiti 

•M.8«r.iol.T. 
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routes  only  by  which  they  came  across  the  great  Himalayan  chaiii  from 
unknown  regions  beyond. 

Mr.  '\\'aterhouse,  who  has  becu  so  obliging  as  to  examine  the  upeci- 
roens  that  I  procured  I'rom  these  beds,  intbrms  me  that  he  recognizes 
amongst  tlicm  the  following : — 

Metacarpal  bone  mid  distal  end  of  tibia  of  Ilippotherium  ;  patella 
of  small  Ilorse  ;  distal  cud  of  radius  of  a  larger  s]iccies  of  Horse ;  distal 
half  of  tibia  of  a  Horse  of  very  large  size ;  part  of  metacar[ial  of  a 
Horse ;  upjier  end  of  tibia  of  Bovine  Ruminant ;  dorsal  vertebra 
nf  a  Ruminant. 

Portion  of  liead  of  ati  mulescribed  animal  allied  to  Goat  and  Shee]>, 
having  like  them  ])romiuent  orbits  and  the  horns  above  the  orbits; 
but  which  dillt'rs  iu  the  peculiar  form  of  the  bony  core  of  the  horns. 
The  horns  are  remarkable  for  being  placed  very  near  to  each  otlier 
at  the  base  (their  upper  portions  are  broken  o£F).  There  is  a  speci- 
men iu  the  British  Museum,  however,  from  the  same  locality,  of  nn 
animal  very  like  tbL^,  in  which  the  horas  are  seen  to  be  short,  stout, 
and  slightly  bent  outwards  at  the  apex. 

Right  wing  of  the  atlas  vertebra  of  Rhinoceros ,  phalanx  of  one  of 
tile  outer  hind  toes  of  ditto  ? ;  and  portion  of  tooth  of  Elephant  ?.' 

Fine  siiitcs  of  specimens  of  the  Boucs  of  Ruminants,  I'achyder- 
mata,  and  other  animals  from  this  district,  presented  to  the  Society 
by  Sir  Thonuis  Colebrooke  and  Dr.  Traill,  are  iu  the  Museum  of  the 
Geological  Society,  London. 

The  hones  tliat  we  have  liitherto  obtained  from  these  strata  are 
almost  all  very  miserable  fragments,  so  tliat  it  is  ditticult  wen  for  the 
very  learned  naturalist  that  1  have  mentioned  to  do  more  tlian  di- 
stinguish the  genus  to  which  they  belong.  It  is  therefore,  I  am 
afraid,  at  present  impossible  to  come  to  any  decided  conclusions  as  to 
the  identitv  or  otherwise  of  the  sjieciea  here  fomul  with  those  of  the 
Siwalik  IIUls,  a  question  of  the  greatest  interest  with  reference  to  all 
nur  speculations  on  the  geolog^^-  of  these  momitains.  The  fossil  hones 
I  have  not  seen  in  situ,  nor  indeed,  curious  to  say,  could  I,  in  spite  of 
every  attempt,  learn  a  detinite  locality  in  which  any  one  knew  posi-  < 
lively  tliat  they  had  been  found.  But  of  the  general  position  where 
they  occur  there  can  be  no  dimbt,  for,  besides  the  common  account  of 
their  being  found  in  some  of  the  ravines  that  traverse  the  plain,  on 
many  of  the  sjiecimens  (juite  euougli  of  the  rock  iu  which  they  arc 
imbeikk'il  bos  remauied  to  enable  me  to  recognize  a  fine-grained 
calcareous  conglomerate,  exactly  identical  with  beds  such  as  I  have 
seen  intercalated  with  tlie  boulder-  wid  gravel-ljcds  that  constitute  the 
mass  of  the  deposit.  Hills  of  limestone  rise  here  and  there  above  the 
general  level  of  the  plain,  and  it  appears  as  though  the  caloareouu 
matter  derived  from  them  lutd  cemented  together  portions  of  Uie 
sands  and  gravels  that  were  deposited  near  them. 

The  existence  of  such  animals  us  I  have  mentioned  as  being  fotnid 
ill  these  beds  being  a  ])hysical  im]iussibility  in  the  present  state  of  the 
country',  there  can  be  no  doubt  that  the  strata  have  been  elevated  to 
their  ]>rescnt  height  from  some  lower  level  since  the  time  of  their 
deposition.    There  is  no  direct  proof  that  these  beds  exv  uiarino,  no 

y  2 


308 


PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIETY.      [June  25. 


r 


shells  haviug  hec u  ubtained  from  them  ;  but  I  think  on  the  whole  d^f 
Uie  pruhabilities  appear  to  lit*  in  favour  uf  thin  plain  hAvine  beM^P 
true  sea-bottom  rather  tlian  of  having  been  occupied  bv  •  aetadied 
body  of  fresh  water.     The  general  extension  of  some  of  the  older 
fossiliferuus  rocks  along  the  northern  face  of  the  IIiraaUTa>  oTcr  > 
great  longitudinal  distance,  is  a  fwt  of  which  wc  have  tolerwile  pr 
and  it  thence  follows  that  the  line  on  which  they  «)ccur,  dbtaiit  ^  * 
twenty  or  thirty  miles  to  the  north  of  the  great  line  of  pealu, 

probably  been  a  sea-margin  from  the  remotest  ages  of  the  eui  

history  until  ns  late  as  the  Oolitic  period  at  least.  So  far,  thcftfolT, 
there  is  nothing  lulverse  to  my  sup|H>sitioii.  Nor  is  the  iirrMDt  iu- 
torrnption  of  the  plain  any  proof  that  it  did  not  oure  nare  •  ht 
greater  extension.  This  is  sufficiently  proved  by  tnv  havinfj  tn 
these  Tertiary  beds  to  the  very  top  oj  the  water-»hed-ridg«>  in  l 
Ticinity  of  the  Niti  Pass,  where  they  reach  an  elevation  of  uiiwar^ 
1 7,000  feet ;  the  summit  of  that  Pass  being  strewn  with  boulders  I 
appear  to  be  derived  from  the  white  quartzite  capping  the  Sila 
lilrata  of  the  neighbourhood.  Further,  two  or  three  miles  to 
south  of  the  Pass,  a  detached  portion  of  this  deposit  is  to  be 
the  dechvity  of  the  mountain,  which  must  have  been  s«'pamt«'d 
the  general  mass  by  the  dislocations  tliat  Itavc  upheaved  the  wl 
country. 

It  is  moreover  to  be  noticed  that  then."  seem  to  b«' 
gu]iposing  that  plains,  such  as  I  have  tnentioned,  are  U 
parts  of  the  chain  under  somewhat  similar  circumstaucvii,  wluch  I 

not  imjirobably  have  once  formed  luirtioiui  of  the  same  aMt-lutt  

The  plain  of  Pamir  so  long  known  Irom  the  accounts  of  Marco  Polo^ 
and  tlie  existence  of  which  is  fully  corrobtiraled  by  Lieut.  AVooc^  of 
the  Indian  Navy,  iu  his  Narrative  uf  his  Journey  to  the  Sotme  of 
the  Oxiis.  may  be  its  represeutative  to  the  west ;  while  to  the  eMt 
the  plains  describtnl  by  Turner  as  havuig  been  jtaoaed  over  dminK 
his  emba&sy  into  Tibet,  as  well  as  others  mentioned  by  KirkpAtrioE 
as  existing  to  tiie  north  uf  Nepal,  tlie  descriiitions  of  which  are 
•confinned  by  Dr.  Hooker,  are  not  improbably  of  a  umilar 

.\uother  argument  in  favour  of  the  mariue  origin  of  this 
I  think,  also  to  be  derived  from  the  very  regular  way  in 
beds  of  gravel  and  boulders  are  laid  out,  for  which  I  should 
that  some  action  like  that  of  the  tides  would  be  requisite. 

I  hare  already  mentioneil  the  occurrence  of  eruptive  rocks 
TilM-tau  pUiteau.     A  great  outburst,  iu  which  are  found  hjpci 
aiid  bronzite,  besides  syeuitic  and  ordiiuiry  grcenatoiies,  and 
rietica  of  porphyry,  occurs  iu  the  vicinity  of  the  lake*  which 
at  the  eastern  extremity  of  the  plateau  (ace  Map).    The 
known  to  extend  considerably  to  the  west,  aiid  forms,  at  an  el 
of  about  1 7.600  feet,  the  summit  of  Balch.  one  of  the  II 
Pastes  uito  Tibet  which  I  hare  crossed  (see  Sections  No.  1  aud  S] 

Uaving  thus  given  a  general  deacriptiou  of  the  f^ofnr  at 
ngion,  I  sludl  as  shortly  as  oossible  enumerate  the  chief  coodlnia 
which  I  liave  been  led  with  regard  to  the  physical  furcca  that 
bccu  called  into  acttou  iu  the  fonuatiou  of  these  mouutaius. 
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The  general  extension  of  the  ('haiu  along  the  direction  of  the  strike 
of  the  strata,  is  a  phaenoraenon  necessarily  connected  with  the  action 
of  an  upheaving  force  along  a  line. 

This  longitudinal  action  is  further  evinced  by  the  parallelism  of  the 
lines  of  eruptive  action  with  that  of  the  strike. 

The  continuance  of  the  action  of  the  upheaving  forces  along  the 
same  general  line  for  a  vast  period  of  time,  with  occasional  iutcr^-als 
of  repose  or  of  subsidence,  is  indicated  along  both  the  north  and  south 
faces  of  the  Himalaya.  The  great  depth  at  which  the  forces  have 
originated  seems  to  be  firoved  liy  the  regularity  of  the  action  along 
the  entire  length  of  the  chain,  as  shown  by  the  elevation  of  such  a 
ridge  as  the  Siwalik  Hills. 

iTie  Granites  appear  to  constitute  lines  of  elevation,  not  of  rupture ; 
but  there  seems  to  be  no  specific  action  produced  by  them  on  the 
di[>  of  the  strata,  wliich  they  appear  to  leave  generally  unchanged. 

The  <5reenstones,  on  the  other  hand,  usually  follow  lines  of  disloca- 
tion of  the  strata  ;  being  sometimes  afiparently  contemporaneous,  and 
at  others  intruded  through  rocks  already  consolidated. 

The  cause  of  the  general  north-ea.sterly  direction  of  the  dip  is  ob- 
scure, although  its  occasional  sudden  reversal  to  south-westerly  seems 
to  indicate  some  connexion  with  the  action  of  an  upheaving  force 
from  below,  or  of  violent  lateral  thrust. 
I  The  lines  of  fracture  of  the  strata  are  constantly  either  parallel  or 
perpendicular  to  the  direction  of  the  upheaving  force. 

The  positions  of  the  rivers  appear  to  be  altogether  dependent  on 
the  configuration  of  surface  produced  by  these  fractures ;  while  the 
configuration  of  surface,  on  the  other  band,  seems  to  be  but  slightly 
affected  by  the  attion  of  the  streams,  of  which  there  is  rarely  any 
visible  sign  at  2(10  feet  above  the  present  level  of  the  waters,  and 
never  to  my  knowledge  above  300  feet. 

The  fact  of  the  granite  of  the  great  snowy  peaks  being  seen  in 
veins,  penetrating  the  schists  up  to  20,000  feet,  makes  it  highly  pro- 
bable that  the  granite  must  have  been  injected  long  before  the  moun- 
tains received  any  considerable  development. 

That  this  granite  is  older  than  the  Sihirian  period  is  rendered  pro- 
bable by  the  comparatively  luialtered  state  of  the  lower  beds  of  the 
Azoic  slates  at  the  foot  of  the  Palaeozoic  series,  where  almost  in  con- 
tact with  it. 

The  conglomerate  bed  near  the  bottom  of  these  same  .\zoic  slates 
shows  the  proximity  of  land  at  the  time  of  its  deposit,  and  indicates 
that  some  upheaval  of  land  had  already  taken  jdace  near  the  ])Tesent 
line  of  great  peaks,  possibly  occasioned  by  the  granite  ui  question. 

The  occurrence  of  ])ebbles  of  greenstone  in  the  sandstones,  sujtposed 
I  to  be  secondarj',  along  the  soul  hem  edge  of  the  mountains,  shows 
that  the  exterior  Unes  of  greenstone  are  older  than  those  beds  of 
sandstone. 

The  frequent  occurrence  of  boulders  of  the  quartzites,  slates,  and 
greenstones  of  the  outer  ranges  of  momitnins  among  the  tertiary 
deposits  of  the  Siwalik  Hills,  shows  that  the  Tertiary  ocean  washed 
the  foot  of  those  mountains. 
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The  regular  Blo]>e  of  the  plnitis  of  Northeru  IntUa  up  U>  thi*  I 
IIU1«,  vrhicli  rUv  ituddeiily  from  the  ftst  g;rnunil,  letuh  tnr  lo 
that  tlie  sen  riiiisl  have  coiitiniicil  to  reach  at  liii^tt  ti»  tar  as  the  I 
of  thp  Siwallk  Hill*  for  somi'  time  afler  their  ii,  '  it. 

'I'hf  rise  of  the  Tibelaji  plain  hiw  not  Ikfu  <  the  Rwn 

eruption  of  the  liue  of  hiiowt  peaks.     Tlint  ihr  . 
•boiiiitl  in  many  partn  of  it,  have  equally  not  t 
the  peculiar  nature  of  the  valleys  ainon^  the  hills  to  the  writti 
lakes,  which  must  have  heen  laid  out  level  luider  water;  frota^ 
it  i»  to  he  inferred  that  thcie  eraptivc  roekn  are  older  tlian  the  I 
tiary  beds  of  the  plnin.     The  siune  thing  is  shown  liy  the  nccttmf 
of  woni  pebbles  ol  greensttnie  in  the  surface  of  the  ptilin  in  the  r''' 
of  some  of  the  detached  hilU  of  that  nn-k. 

The  former  extension  of  the  (tlaeierx  far  beyond  tljeir  nrrsifnt  ! 
is  a  phwnomenou  tliat  may  lje  noticed  ahnost  everjwlu-^-  •- 
mountains,  and  may  pvi<  rise  at  first  tight  to  an  idra  thu 
here  idf«o  have  liMU  »onie  special  f>erio«l  of  c-old  corrfs|M)ninug  lo  i 
gLu-ial  epoch  of  Euro|)e.  But  it  M'cms,  I  think,  morr  pmhaM»  I ' 
this  is  here  only  the  result  of  a  chance  of  rlimale  coniequaiij 
the  upheaval  of  the  great  plaiat  of  Kortnern  India. 

The  exi«tcnce  of  ancient  moraines  on  the  tertiary  pi" 
prove.H  that  the  extt-Ubiou  of  the  glacier*  is  po.it-tertinrv. 
coiu'civo  tluit  after  the  riBin^  of  thU  plain  lo  m 
tion,  the  sea  »till  cuntinuod  tu  wash  the  foot  ol  liiii 

I  have  already  said  that  I  considered  likely,  it  ui  clear  thai  thee 
of  the  Iliiiialava  would  have  Wen  far  more  moiat,  ami  that  thr  no 
of  Huow  that  tell  on  the  highest  parti  of  the  mountain*  would 
been  greatly  in  cxeem  of  what  now  falls  thenf.  causing  •  grrat 
Hioii  of  tho  glaciorf  lieyoud  the  liniito  (u  which  they  have  no*  ni 


,5.  Notices  of  the  Geoloov  of  Ike  SriiAmi  or  SiMOAroa*. 
J.  R.  Lu(i\s.  E^i.  F.G.8..  M.R.  A»i*Uc  S^  Corr.  il.  Ktk 

f!al  S(m:.,  and  Datav.  Soc.  Arts  ami  Sc. 

[Pu  XVIII.] 

iHtrodwtion. — Under  thn  name  I  ■hnU  d«nribe  Mt  oahr  iIm  < 
in  the  Straits  of  Singapore  and  along  ita  ahoce^  bat  alao  all 
coinprf-itrudcd  witiiin  n  rhonihotdal  snaer,  about  waXt  mflM  bag  i 
thirty  miles  broad,  (I  '  imti 

ingh.  by  N.arroM  tl«  I'cninn 

to  the  China  Sea,  and  toadiing  th«  roost  northerly  part  of  tlt«  OU 
Strait  of  Siiignpore ;  the  vouthoro  boondanr  IxiBC  a  raw  in  the  mam 
direction,  touching  the  mo»t  twutlierly  part  of  "nlo'  Sumpat,  on  iW 

north  const  of  liintao'j. '    •-—'■•- •»—  -'      '  n,xl  all  thua* 

w«at  of  il  tu  Fliillip'-^  g\<uta(^  ci( 

UieMalay  IVuinsula  eotmi  iini  ocgin  I 
for  obserration,  fur  imteod  of  th«  den 
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obstructs  our  progress  and  hides  the  nature  of  the  ground,  the  whole 
breadth  of  the  Peninsula  is  here  depressed  and  broken  up,  exposing 
nnturul  sections  in  various  directions,  which  are  [(reserved  from  tlie 
obliteratiuK  influence  of  the  nipid  decomposition  .ind  exuberant  vege- 
tation of  the  region  by  the  strong  com-nts  which  the  China  Sea,  on 
the  E.,  and  the  Bay  of  Bengal,  on  the  W.,  impel  through  the  depres- 
sion. Of  these  littoral  sections  the  best  are  those  of  the  islets  in  the 
Strait  of  8uigaj>ore,  and  the  points  of  Singapore  Island,  the  S.E.  pro- 
montory of  the  Peninsula,  Bintang,  and  Batam,  wliich  advance  into 
it,  and,  recei>'ing  the  full  force  of  the  main  current,  are  worn  by  more 
powerful  waves  than  those  wliich  invade  the  sheltered  portions  of  the 
Straits,  such  as  the  narrow  chnnnel  which  separates  Smgajwre  from 
the  continent,  and  the  shallow  bays  of  Batam. 

I.  Structtjiie  and  Composition  or  the  District. 

1 .  General  confitfuration. — The  configuration  of  the  district  pre- 
sents several  features  worthy  of  remark.  The  loud-portion  of  it  is 
low,  and  is  composed  of  hills  generally  in  mmitied  systems,  the  direc- 
tion of  the  principal  branches  forming  a  small  angle  with  that  of  the 
peogrnjdiicaJ  axis  of  the  Peninsula  (N.W.  by  N.,  S.E.  by  8.),  that  is, 
deviating  about  20"  or  2J"  to  the  W.  of  it,  or  from  N.W.  by  W.  to 
N.W.  by  W.  J  W.»  The  mean  height  of  the  hills  must  be  under  100 
feet,  the  greater  number  falhng  short  of  that  elevation,  while  only  a 
few  points  attain  to  heights  varying  from  .'iOO  to  75U  fectf.     'I'hu 

•  This  dircctioQ,  however,  agreet  with  that  «f  the  whole  western  side  ut  Ica»t 
of  Johur,  t)ic  Peninsular  coo^t  frum  the  latitude  of  Halo  Luiiiut,  a  little  tu  the 
north  of  I'arcclar  Hill,  ninuing  S.E.  hjr  K.  to  its  eouth-wcsteru  extremity  at  Twi- 
jong  liuni,  a  distance  of  about  ICO  miles. 

t  The  fnliowiug  arc  the  hcijihts  of  the  principal  eminences  of  the  ranges  in  the 
neighbourhood  of  Singapore  Town,  above  the  level  of  low-water,  at  ipriiig  tides, 
u  dctcnuined  trigonomecrically  by  J.  T.  Thomsuo,  Esq. 
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ranges  and  branches  of  hills  are  always  narrow  and  srpamtrd  br  it- 
pressioiui,  which  fonn  salt-water  creeks  at  their  inouthii  and  flmt  ailo- 
rial  valleys  towards  the  interior.  A  subsddence  of  a  few  feet  would 
Bubmerge  them  and  restore  the  original  outline  of  the  land, — a  syiten 
of  narrow,  elongated,  branching  peninsulas,  alteniately  swelling  aad 
contracting,  the  several  ranges  and  branches  always  tending  to  a  par- 
allelism with  the  axis  of  tlip  mainland.  Singapore,  for  iostance  (ex- 
cluding the  western  triangidar  portion,  which  is  nearly  separated  from 
it  by  the  inlets  of  the  Pnudan  and  the  Kranji  and  fonns  a  curiona  p** 
nuisula  by  itself),  would  then  present  five  peninsulas  nmning  fron 
N.W.  by  W.,  where  they  arc  connected,  to  the  S.K.  by  K.  for  >boat 
si\  miles,  when  the  four  to  the  west  would  Ih>  cut  off  aliine  a  line  nearly 
N.  by  E. ;  while  the  broadest  and  most  ea.<terly  would  continue  its 
course  in  the  direction  of  Tniiah  Mernb  Bt^sar,  semiing  off  branches 
to  the  north-east  and  forming  the  bulk  of  the  coatent  division  of  tin 
island*. 

The  general  direction  of  the  Strait  is  tnuisverse  to  that  of  the  hQI- 
rnnges,  but  forms  an  acute  angle  with  it.  In  reality,  howrTcr,  the 
Strait  consists  of  a  succession  of  depressions,  each  of  which  neariy 
coincides  in  direction  with  the  axes  of  elevation  of  the  land.  The  ino«t 
western  of  these,  about  22  miles  long  (N.W.  to  S.E.)  and  IS  milaa 
broad,  stretches  from  the  south-west  promontory  of  the  IVninxula  to 
the  northern  islands  of  the  liulan  .\rrhi(>clago,  and  is  iKiundni  on  \hm 
east  by  the  western  coast  of  Singn|>orr  and  the  chain  of  iiJeti  which 
stretch  from  its  extremity  across  the  Strait  to  the  N.W.  point  of  Ba- 
tam.  The  second  basin  lies  Ix'tween  the  S.K.  coast  of  Singapore  and 
the  N.  coast  of  Batam,  botli  of  which  it  deeply  penetrates ;  the  fomcr 
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in  the  aUuviiil  plain  forming  the  districts  of  Rochor,  Gclang,  Kalang, 
Paya  Lebar,  and  Siglnp,  with  its  long  branches  or  inlets,  extending 
between  the  hill-ranges  to  the  middle  of  the  island  ;  and  the  latter  in 
Batam  and  Uiilau  Bays*.  Its  greatest  length,  from  the  extremity  of 
Batam  Bay  to  that  of  the  Singapore  Plain,  is  about  1.^  milesf ;  its 
least,  from  Tanjong  Siglap  to  T.  Singkwang,  about  H|  miles ;  ita 
breadth  is  nearly  10  miles.  The  third  basin  is  the  middle  of  a  j)ro- 
longed  submarine  valley  which  stretches  northward  into  the  Penin- 
sula, where  it  forms  the  pstuary  of  the  River  Johor  ;  on  the  south  it 
jienetrates  the  Jnhor  Archipelago,  whi-re  it  forms  the  Strait  of  Rhio 
separating  Bataiii  from  liiutang.  The  fourth  or  most  easterly  basin, 
— about  18  miles  long,  'JO  miles  broad  at  ita  two  extremities,  and  14 
miles  in  its  middle, — lies  between  the  south  coast  of  the  S.E.  pro- 
montory of  the  Peninsula  and  the  N.  coast  of  Bintang. 

2.  Geological  Topoyraphj. — In  giving  a  general  sketch  of  the  geo- 
logy  we  shall  consider  the  District  as  divided  into  four  zones  nearly 
corresponding  with  the  four  basins  of  the  Strait. 

1*1?  zone. — The  first,  or  most  westerly  basin,  hag  on  its  southern 
side  a  deep  channel,  free  from  islands,  which  opens  into  the  second 
basin  between  Pulo  Sambo  Kichi  and  Pulo  Sikijang.  To  the  south 
of  this  channel  a  dense  cluniji  of  islands  commences,  which  stretches 
to  the  S.E.,  and  includes  Bulau  with  its  conspicuous  peak,  from  which 
the  Dutch  hydrographers  have  named  the  group  the  Uiilnn  .\rrhipe- 
Ingo.  It  reniniiis  to  this  day  unsurveyed  and  unexplored  cither  by 
the  Dutch  or  English,  and  in  some  charts  still  figures  as  one  islancj, 
although  it  must  consist  of  several  scores  J.  It  is  separated  by  a 
narrow  channel,  called  Silat  Batu  Haji,  from  the  west  coast  of  Batam, 
which  has  a  general  direction  coinciding  with  that  of  this  basin.  The 
nortbera  part  of  the  basin  is  shallow  and  contains  numerous  islands ; 
and  the  same  configuration  is  continued  in  the  western  section  of 
Singapore,  which  is  a  congeries  of  narrow  peninsulas,  separated  by 
mangrove  creeks.  The  prolongation  of  the  zone  in  the  mainland, 
including  the  S.W.  promontorj',  is  flat  and  alluvial  towards  the  W., 
and  billy  towards  the  E. 

The  whole  of  this  zone  consists  of  stratified  sedimentary  rocks, 
sand.Htone  appearing  to  predominate  towartls  the  west,  and  sandstone 
and  couglomerate,  intermixed  with  clay  and  shale,  towards  the  mid- 
dle. Towards  the  eastern  side  a  broad  band  of  shale,  chiefly  choco- 
late-coloured, occurs ;  and  in  the  extreme  east,  where  it  abuts  on  the 
syenite  of  the  '2nd  zone,  this  shale  is  interstratified  with  sandstone 
and  conglomerate. 

The  western  portion  is  nearlj'  all  covered  by  the  sea  or  alluvium, 
the  only  islands,  except  those  belonging  to  Bulan  Archipelago,  being 
Pulo  Hnngkum  (Alligator  I,),  Pulo  Sinaug  (Barn  I.),  Situinbu  Kichi, 

*  These  bays  are  deeper  than  they  appear  on  the  map,  and  the  numerous  creeks 
and  inlets  which  pierce  the  island  between  the  hill-ranges  are  not  Uid  down,  no 
survey  of  the  hays  having  been  yet  made. 

t  About  twenty-one  miles,  if  we  include  the  valleys  which  have  been  inlets  of 
the  sea  since  the  land  attained  its  present  level. 

X  I  have  examined  the  northern  part,  where  I  found  a  perfect  labyrinth  of  itleti. 
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And  Btmr  (Ibbbit  and  Coney  !.)•  &U  ^f  which  spp««r  to  coniift  of 

BAiidiitoni*  And  Rlmlc. 

In  llif  next  parallel  to  lite  CMt  we  find  in  Pulo  Sain  strata  of  day. 
stone  and  chi-rl,  liis^hU-  indurati-d,  crystajliiic,  fi-  "  '  i«h,  greniMO, 
and  ij;rL"yis!i ;  soft  i-!uv  ;  ((iiwtz-vi'ius ;  quart/  Jiia  walli;  • 

sulicrviitalliiK-  (;rit  of  a  granililorm  usiivet  and  ui  noun;  placfA  with  n 
pvenish  base  ; — betwi-fiu  Sidii  and  I'.  Sudonpf.  rwt't  "f  iroi\-rork  •  ; — 
ill  1*.  Kapal,  fliif,  purulisli  rlav  ;  stcatitir  olav.  :<■,  with 

seams  and  walla  of  iron-roct ;   tino  »halc,  in  '• ; — in 

P.  Pifl  Ayem,  soap-stont  of  variable  purity,  iiulnratctl.  ■  I»- 

Btcd ;  hard  steatite;  iron-rock  in  bcairifl  ami  veins;  tb.  at 

some  iilaccs  eoiitaininj;  iron-pyrites,  and  locally  iron-nia»kcd  ami  cel- 
lular;— in  P.  Itlakau^  Padaa;?,  coarse  conpf"""-'"''-  ^n""-  of  th* 
pebbles  of  which  arc  steatite,  either  pure  or  ii  ipurU- 

gtrains ;  finer  bed*  with  much  steatitie  clay,  (jcin  .u,..  ..;  ..  ..ii.ii  grwi- 
ish  colour,  occasionally  violet  and  red ;  broad  bcila  of  finc-Knune<i 
sandy  marl. 

Hcturiiing  to  the  north,  wc  harp  in  P.  MaramlxjnR  day  with  irawts 
.1  : 1.  .  ':ii«uio  of 


and  iron-rrvk 

Siniraporr  nt  Till  i 

*'  ■  walls  ;  a'. 

!■>  'iisniidjd'i 

nuir  liilnite  soil,  i;rn\i  - ;   tbr  o 

it  i*  lateritic;  on  the  v  licniniith  1 

nandv  iiinrl ;  iron-mck  swcilniff  nj)  i! 

tryoidnl  bosses  ;  ferruirinoiisiuul  jn'pi  i- 

composed  of  small  pebble*  and  fr«{;iiients  crnn  ilicr. 

Following  this  band  nf  strata  to  the  U.K.,  «  ■.:..  ni  <\\< 

Inlands  elnys  eliirfly,  with  ferrtijrinous  walls  ;  in  Sikrn  I.n 
highly  indurated,  ramifying,  mamniillated,  iro!>  ■••■li- 
coneentrie  Inminx  of  colour  ;  thin  bitls  of  bh; 
rlays.     Tlie»e  nxrks  are  continued  across  to  tii.-  « •m  .'imu.      In  P. 
BuMing  we  find  indurate<l  sandstones  and  rlays  with  irrrctdar  fcmi> 


tuntao* 

:3 

MadM 


TvnaMi 


1 


ginous  walls  :  retieulalions  of  ip 
tiflcation  ; — in  P.  Rukum,  clay  ■ 
colimred  clay  ;  laininn-  of  colour  . — m  r. 
iron-rock  ;  hard  laterifr  ; — in  P.  Jonj?.  rlav 
ihice  ;    a  few  i-onplomerate-beds  ;    iv 
ana  rndiatinj:  Inniinn-  of  c<dour  h 


numenma  irau'^lykn  and 


of  itr»- 
•cofaMo- 

faint  ftttm 
mtirmtfie 
P.  e»imim 


eonjsloMierate,  sandstone,  rlay ; 
colour  us  in  I'.  Jori|;. 

Tlie  next  pandlel  iis  cm  efiy  of  auidilmie  tad  ( 

r«te.  but  with  iutcnminp  tu  :  ly.  moflly  f hoculat^ Mai  |it 

At  particular  places  nnieb  imn-roek  occtirii,  and  (irrTutiooiU  Ii 
tioii  in  freuueat,  although  nut  on  the  great  scale  of  tltc  Dabani  f^vup. 
The  prinn|ia]  exhibition  of  thiii  band  ia  tt>  the  Ugh  range  of  hitls  on 

*  Thli  (rnn  is  ineU  fur  lirevii  f  in  I '  ktttk.    7fmmo0ttmmcmt»nt 

Ii  the  hritraiiipmirldi'of  trDn;'and  1  k.  thraMtMMl  lh( dbofct,  I  shall 

■ner»a<  uniuu  nxi  ut  »<.li  |i4rticalar«M»iBifiiMilt7a|i«aiar 

or  ten  t: 
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the  8.W.  coMt  of  Singapore,  gtrctchitig  froin  Siinge  Paiiilnu  to  Batii 
BlySr  (where  the  highest  sea-cliffs  in  the  tlistriet  occur),  and  cnri- 
tiuued  ill  the  island  of  Blakang  Mali.  Proceeding  along  the  same 
line  of  elevation  to  the  S.E.,  we  tind  it  again  in  1*.  Sikukiir,  the  two 
Sikijangs  and  Subar.  It  reappears  on  the  other  side  of  the  Strait,  and 
on  the  same  line,  in  the  two  Sambos  (where  we  find  sandstone,  grit, 
and  conglomerate,  for  the  most  part  higldy  indurated  and  semi- 
crystalline  ;  clay,  chocolate,  light  purplish,  violet,  greenish,  and  yel- 
low ;  and  iron-rock),  P.  Miriam  and  tne  eastern  portion  of  the  N.W. 
jwint  of  Batam. 

To  the  east  of  this  line  the  chocolate  and  -riolet  clays,  which  have 
hitherto  either  shown  themselves  as  isolated  beds  or  in  narrow  bands 
amongst  the  other  strata,  become  eonthiuous,  occupying  a  breadth  of 
about  one  mile  and  stretching  right  across  Singapore  in  the  direction 
of  N.W.  by  W.  This  band  includes  P.  Brani  and  the  eastern  por- 
tion of  Blakang  Mati,  in  both  of  which  the  colours  vary  much, — 
chocolate,  jmrpUsh,  tlifferent  tints  of  violet,  greyish,  Ulac,  green,  and 
in  which  sandstone-layers  arc  intercalated.  It  is  then  lost  for  about 
nix  miles  in  the  Strait,  but  is  found  again  on  the  cast  sirle  of  Sambo 
Kichi  and  on  the  coast  of  Batam,  at  Pulo  and  Tanjoug  Dangas. 

'Ind  cnne. — The  second  zone  consists  almost  wholly  of  soft  amor- 
phous clay  and  sandstone  with  conglomerate ;  the  latter,  however, 
containing  a  good  deal  of  clay  either  mixed  with  it  or  in  separate 
beds.  The  clay  in  Singapore  forms  a  compact  tract  of  about  sixty 
square  miles,  occujiying  the  main  body  of  the  island*.  On  the  soutli 
it  is  separated  from  the  phun  of  Suigapore  by  a  narrow  margin  of 
HAudstone,  and  then  stretches  across  the  island  in  a  N.  by  E.  direc- 
tion to  the  Old  Strait.  On  the  west  its  boundary  riuis  ni  a  north- 
westerly line,  nearly  parallel  to  the  chocolate  clay  band,  for  about  eight 
miles,  when  it  is  deflecteil  towarils  the  \.  in  the  directif)n  of  S.  Kranji, 
in  the  vicinity  of  which  it  meets  the  Old  Strait.  In  Bnkit  Timah, 
solid  greenish  granite  and  syenite,  jiassing  in  some  j)liice9  into  com- 
pact laminated  felsjiar,  are  seen.  On  some  of  the  other  hilts  of  the 
clay-tract,  protruding  blocks  of  syenite  and  granite  are  Dcciisionally 
found.  AVherc  deep  sections  have  been  made  through  the  clay,  its 
Structure  and  composition  are  found  precisely  to  resemble  that  of 
adjacent  blocks,  while  on  the  surface  it  has  a  remarkable  uniformity 
of  characterf,  and  is  easily  distinguished  from  the  sedimentary  clays. 
The  whole  of  this  tract,  therefore,  is  decomposed  plutonic  rock.  The 
clay  in  some  places,  and  particularly  in  the  bottonis  of  valleys,  where 
it  is  covered  by  vegetable  mud  and  has  undergone  a  naturnl  bleaching, 
is  a  pure  white  kaolin,  but  it  generally  imbeds  qanrt7.-granules  (in 
rare  ciisea  abundantly),  and  a  few  feet  below  the  surfiice  is  mottled 


*  !t  is  almost  a  sqiiarc  of  ciglit  lulle^,  coiiici  Jiiig  wiili  the  Penitisular  axis ;  that 
i<,  t»io  of  it«  (ides  run  N.W.  by  W.  (the  uortberu  of  llie  two  giving  ilt  iliitction 
to  the  Olil  Strait  from  T.  Puiigal  to  S.  Taiubrau),  uiul  the  other  two  ixAt*  iiiuning 
N.K.  liy  N.  (the  iiortberu  of  the  two  giving  its  dircetiini  to  the  Olil  .Stniil  from 
S.  Sinuko  to  the  creek  of  S.  BatAug  lluri,  and  the  southern  giving  iti  direction  to 
the  ancient  \V.  coast  of  Singajiore  Uay). 

t  The  variable  proiwrtioiu  of  inui  and  quuti,  however,  aOect  this  character. 


316 


PROCEEDINGS  OF  THE  GEOLOGICAL  &OCIKTV.       [JunC  25, 


with  red  in  various  degrees,  in  iaoiated  or  connected  ramifying  bbtehes 
or  in  parallel  ciirviliucar  streaks.  Fresh  sections  exhibit  Tariocu  lintt 
of  red,  lilac,  purple,  yellow,  &c.  Pure  white  streaki  and  xonet  dio 
occur  frequcutlv,  exhibitiup;  a  kind  of  irregular,  broken  n^ticnlattoo.  It 
is  sometimes  altogether  of  a  dark  red  hue.  ^Vhen  tliis  is  lite  cue, 
masses  of  a  half-decomposed  iron-rock  are  generallv  found  in  it :  uid 
in  most  localities,  where  cuttings  have  been  made,  a  similar  roek 
occurs  here  and  there  in  dykes  and  ramifying  vriiis.  Uu  the  fide*  of 
these  veins  laminae  of  a  red  colour  are  sometimes  seen,  either  i 
to  the  vein,  radiating  from  points  in  it,  or  fonning  systems  of  < 
trie  lines.  The  iron-rock  is  also  found  either  strewed  over  the  i 
in  amorphous  cellular  blocks  and  small  pebbles,  or  below  the  »ii 
at  depths  varying  from  a  few  inches  to  a  few  feet,  in  layers  of  wo 
pebbles.  With  these  pebbles  others  of  jaspideous  and  i>orceiiu 
rock  are  frequently  intermixed,  and  veins  or  strings  of  the  Utter  i 
found  in  the  deeper  sections  or  in  tlie  half-decumposed  crumhlii^ 
granite  which  in  n  few  localities  is  cxfiosed  at  the  surface.  In  aaaH 
jilaees  patches  of  a  vesicular  jaspideous  rock  are  frequent  in  the  d^ 
composed  mass.  These  are  sometimes  considerably  ferrugiaai 
Fragments  of  semi-decomposed  syenite  and  granite,  ferruginou*  | 
different  degrees,  are  common.  When  highly  ferruginous,  iheT  aro 
more  or  less  vesicular,  and  the  only  unchanged  constituent  at  the 
solid  rock  is  the  quartz.     Even  this  is  sometimes  peneii  •!>■ 

iron.  Tlie  upi)er  soil,  or  that  wliich  has  been  completi 
to  atmosphericjd  action,  is  a  clay  with  a  greasy  lustrv,  but  uftea 
dining  to  a  dry  friable  appearance,  in  i-olour  generally  yrlloi 
brown,  but  with  lighter  and  darker  lines  in  particular  loealitiM.  !■ 
many  hills  it  is  highly  ferruginous  and  of  a  deep  red  colour.  This, 
with  the  smaller  pro|Kirtion  of  quartz,  distinguishes  it  from  the  gnuntie 
clavs  of  Piiutng  liigher  up  on  the  west  coast. 

'i'he  easily  actvssible  localities  where  ferruginous  blocks  are  mtmt 
exnoseil  are  the  hills  along  the  boundary  between  the  plutonic  uaA 
Kilimeutarv  tracts  near  Shigapore  Town,  audi  as  Mount  \'ictnr» 
(.'iK)*,  Sri  Meiiaiui  (•iii),  the  hills  connecting  it  with  .Muiint  Ziem 
i'.iH),  the  hill  forming  the  extreme  S.W.  jioint  of  the  granitic  trast 
('Mi),  the  western  hill  of  Dr.  Oxiey's  nutuieg-plautatiou  {M),  '  ' 
Hill  (.'>()).  tlie  coast  of  the  inaiuUud  from  Taujong  Tangidub  tu  I*i 
Nanas  (at  Tanjong  Passier  Mera  and  near  S.  fiikoug),  Jkc. 

The  sandstone  and  shale  siirromid  the  plutonic  tract  on  the  W. 
and  S.,  being  found  occupying  the  space  to  the  N.W.  of  it  uti  to  tiie 
Old  Strait,  rising  in  the  hills  near  Singapore  Town  to  the  S.E.  of  it, 
and.  Ia.slly,  Ibrmiug,  with  a  great  predominance  of  aandatoor.  grit, 
and  c(mglomerate,  all  the  eastern  portiun  of  the  itiand,  willi  the  rt- 
reption  (if  the  hills  at  Changgei.  At  several  plaon  there  la  nndi 
ferruginous  rock,  as  in  the  hilb  runr--- -  •■•■•fh  flrom  the  Moaqne  ia 
the  toK-n  to  Tanjong  Malang,  and  ■  ■   in  the  reefs  off  that 

point.     On  tlie  opfxisite  side  of  the  tini  m  iiie  Siugapoie  River,  and 
where  the  ver^-  Mme  line,  prolonged  to  the  north.  U0i»n  the  two 
bifurcations  of  the  Tanglin  Hange,  we  find  a  ootiaderaUe  T 
*  Tba  flgoasnte  to  tbcMoa  th«  ai^ 
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of  latcrite-rock  in  Government  Hill  (35),  Mount  Sophia  (48),  and 
Mount  Seligi  (47),  where  the  clay  is  intercalated  amongst  the  sand- 
stone, which  latter  is  highly  indurated. 

On  the  Batam  side  of  the  Strait  the  sandstone  is  found  from  Sunge 
Ledi  in  Batam  Bay  to  Bulau  Bay,  and  at  some  places  contains  iron- 
rock.  The  east  side  of  Bulau  Bay  and  the  whole  N.E.  promontory 
of  Batam  with  Pulo  Nougsa  is  granite,  which  differs  from  that  of 
Singapore  in  colour  and  in  heing  larger-grained. 

Srd  lone. — Ou  the  cast  coast  of  Batam,  in  contact  with  the  granite, 
are  found  iron-rock  and  clay,  and,  in  the  granite,  iron-dykes  contain- 
ing casts  of  shells.  The  third  zone  includes  the  island  of  Pulo  Ubin, 
consisting  of  various  forms  of  granite  and  syenite  (often  npproachiug 
to  and  sometimes  passing  into  greenstone)  and  remarkable  for  its 
tabular  and  couceutrically  laminar  structure  and  its  extraordmary 
grooves,  resulting  from  the  action  of  decomposition  ou  its  rocks ; — 
the  eastern  promontory  of  Singapore  has  a  similar  composition  ;  Pido 
Nanas  or  Kirimkiii,  and  the  mainland  opposite  are  composed  of  green- 
stone-jiorphyry  ;  the  hills  on  the  mainlantl  at  Tanjoug  Tanguloh  of 
decomposed  plutonic  rock,  similar  to  the  prevailing  Sing!ipore  clay, 
and,  like  it,  containing  ferruginous  and  jaspideoiis  fragments ;  the 
small  islets  of  ?.  Sijuhat  and  P.  Ilantu  III,  consisting  of  foUated  clay- 
etoue  and  chert,  varying  from  sui)crystalline  to  highly  crystalline, 
generally  very  horubleudic,  and  traversed  in  P.  Sijaliat  hy  a  dyke  of 
greenstone-porjiliyry  ;  Pulo  Tikong  Besar  and  Pulo  Tikong  Kichi 
are  chiefly  sandstone,  highly  indurated,  and  with  iron-rock  ;  in  the 
sea  otf  the  S.W.  point  of  Tikong  Besar  rocks  of  granite  occur,  called 
Batu  Kapala  Tua*  ;  Marbukit  (Johor  HUl)  is  composed  of  clays 
and  conglomerates,  indurated,  passing  into  crystalline  chert,  &c.,  and 
of  (|uartz  and  irou-rock ; — the  coast  of  Bmtang,  from  Tanjong  Ka- 
lumpoug  to  Tanjong  Subong,  is  probably  granitic. 

4?A  cone. — In  the  fourth  zone  we  find  on  the  east  bank  of  the  Johor 
River,  at  Johor  Lamaf.  granite ;  to  the  south  of  it,  grit  and  con- 
glomerate, from  Tanjong  Iladong  to  Tana  Uunto  (in  the  conglomerate 
of  which  fragments,  jiartially  decomjiosed,  of  chloritic  granite,  some 
very  little  rounded,  are  found),  and  jirobably  as  far  as  Tanjong  Boe  ; 
in  Gunong  Biiu  and  the  lower  hills  behind  it  on  the  S.  Kurang,  green- 
stone, varying  from  com|)act  to  granular,  the  latter  approaching  the 
fine-grained  granites  of  Pulo  Ubin  ;  along  the  south  coast  of  the  S.E. 
j)romontor)-  of  the  Peninsula  at  Tanjong  Tirnrn  greenstone-porjdiyry  ; 
at  T.  Tehmipong,  granite ;  at  Tanjong  anil  Pulo  Rumuia,  shales, 
further  to  the  E.  passing  into  subcrystalline  rocks  ;  at  T.  Peuyusoh 
(Point  Romania),  Peak  Hock,  South  Island,  and  Pedro  Branco  (not 
included  in  the  map),  syenite ;  North  Rock,  shale ;  along  the  east 
coast,  facuig  the  China  Sea,  at  Tanjong  Pungid  and  Tanjong  KTnawar, 
talcosc  sandstone  and  shale,  sometimes  scmi-crystalUzed,  witli  abun- 
dance of  iron-rock  in  large  romided  shiuing  blocks,  and  quartz  J  ; — 

•  J.  T.  Thomson,  Esq. 

t  Thit  Dugis  town  is  farther  north  than  the  map  extends. 
t  See  my  "  Notices  of  the  Geolugy  of  the  £ast  Coast  of  Johore.''    Joum.  lad. 
Arch,  vol  ii.  p.  625, 
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Bt  Thuji)ii<;  Lunipfitaii,  i«lco»c  stuilr.  ijuartx,  ami  iron-r'  i; 

the  nortli  coast  of  BinUmg,  from  Tw^ong  Suhoiig  to  thu  ^  "  ii, 

syenite*  ;  at  the  Point,  t«lcose  clay  aiidthalv  with  iron-roekt>  •wi 
ijuarts  (Biuiilar  to  T.  Kinawar)}. 

3.  CharacUr  and  Ettent  nfeaeh  kind  qf  Rock. 

1 .  The  Set/iutenlari/  Rock*. — Viewing  the  iliatriot  a»  a  wUole,  «•• 
observe  tliat  nniougst  the  wditneiitary  riiekx  the  ithalea  greatly  |>re» 
dontinate,  the  chocolate  and  imr|i!i»K  heing  the  ino»t  runiiuon.  The 
snfl  shales  and  clays  are  of  fur  gn-nter  extent  than  the  indunUcd,  and 
are  either  i(iute  »oiV,  yielding  to  the  hand,  or  luivc  various  degree*  of 
consistency,  up  to  so  ninch  hardness  and  tonghncss  a*  to  rtHiuiro  Um 
hammer  to  break  them.  They  are  in  great  nieiiiun'  a  nitxturo  of 
elay  and  tine  silicetnis  granules,  to  which  the  ;  be  k|^ 

plied,  lint  as  descriptive  of  their  eonsixtency  oi,  i  than 

are  cideareons.  Those  in  which  day  is  in  excess,  su  as  tu  bv  ooow 
])letely  plastic,  are  not  fnnjuent.  The  steatite,  when  it  oocun>  it 
generallv  in  large  prn|iortion,  hnt  of  limited  extent.  I  hsTC  ObIj 
observed  completely  indurnted  nrgillncrim^  mid  iirL-illo  iiliei-oua  rodtt 


of  a  cherty  and  jaspery  nature,  luiil 

Salu,  P.  Kapal,  P.  PicI  Ayem,  Tanjouj,  *.....  , ... 

Pulo  Ilantu  II],  and  Taujong  Pingrang§. 

The  smidstoues  and  cuiiglomerales  are  r' 

friable.     In  ninny  cases  the  former  have  n 

the  latter  a  compact  siliceous  biuis,  travcrv 

crystals.     The  most  numerous  pebbles  iu  the  ■ 

dull  Miliitish  i|UHrt/.    <^ 

ivd,  and  yellowish  pel 

ties  more  abiiiiiliuilly  thuu  in  iillier>.     IV! 

with  a  cryhtalliin',  l>iit  i-fnendly  with  nu  in 

liolet  lints  |> 

durated,  Mil 

or  marl,  bomeiimcs  also  chioiitic,  cou 

grunnles.    The  highly  indurated  aud -!      .-■ 

occiur  hi  Mount  Palmer  ('2-t),  Uovemmcnt  liill 


t  IVlo 
MjatMt. 

(juart|» 

ar*  of* 

BlMk. 

>uine  locmU* 


■  (J  I 
Ilea 


(48).  and  M- 

iiating  at  'I'.' 

2.  Thr  I'l. 


!.ili..i 


uhMi  not  IB> 

I  triable  •■itli 

iidanotofi|iiMt»> 

iiidstoBO  chiaAjr 

luit  8ophM 

.^...uutor}'  tsmv 


i 


•  a  limn; 


<■■■,  and  iu  tl.v 

>>i. 
,  <t  flmikr  braad  view  of  the  |i)alo> 


•  J.  T.  Tliam»on,  K»q. 

t  Mr.  ThuDiuin  tayi,  t  > 
unit  iivrr  flil»  •Irsiiim  In 

Thrl.; 
oilier  1.. 


-It«  Id  a  Aisad  MaU  af|)aan  la  bate  nm 
'  <  M  w  to  enrk  Is." 


'  1^  wcr*  man  «r  laa 


nB»«»n 


'Isclitli  ruloun  sn  (nlinif  Mriae  i 


«y«Mi 


aoefaty  W 


I" 
(ii 


UanwBtna,  wlikk 


1,  T.  Thumtoa,  Kw|. 

.  of  V.  Kocub,  be)raii4  Ow  luuua  «  inc  mapj  •■■ 


coatt  vf  Kriiiiiiu  Kichi  arc  •trikiiig  cxan)i>tes  of  thk  elaas  of  i«cka> 
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iiic  portions  of  the  dJstriil,  the  most  general  character  that  wc  observe 
is  the  preilouiiuauce  of  felspar  and  the  prevalence  of  hornblende, — 
quartz  and  mica  l)eing  generally  iii  small  proi)ortious,  and  the  latter 
rare.  Well-developed  granite  of  the  common  type  is  fonnd  in  very 
few  localities  on  the  northern  side  of  the  Straits,  the  plutonic  troct 
of  Singapore  being  very  deficient  in  quartz  and  mica,  most  of  the  red 
clay  hills  which  occur  in  it  being  probably  decomposed  {jreenstoneg 
and  highly  homblcudic  syenites.  Even  Pulo  Ubin,  although  it  prci 
seuts  several  decidedly  granitic  bosses,  tends,  on  the  whole,  more  to 
the  fels|)atho-hornblendjc  character,  which  exclusively  prevails  to  the 
eastward  of  it,  in  Pulo  Kirimkin  (Nanas),  the  mamland  opposite, 
Pulo  Sijahat,  Gunong  Ban,  and  the  adjacent  hills.  The  only  con- 
siderable display  of  jiropcr  granite  is  that  on  the  southern  aide  of  the 
Strait,  in  tlie  north-east  section  of  Batam  and  the  north  of  Binfang*. 

Witli  rcs])ect  to  the  grauuktion  and  composition  of  the  plutonic 
rocks,  every  variety  may  be  found,  from  the  most  coin  pact  hornblende 
and  felspar,  through  granular  greenstones,  minutely  grained  grey- 
stone,  syenite,  and  eurite,  to  large-grained  granite.  In  Pulo  Ubin  we 
find  the  following  gradations  (the  hornblende  being  in  general  either 
in  nests  of  small  granules  mixed  with  felspar,  disseminated  in  minute 
particles,  or  in  lung  thin  streaks):  light  reddish  granite,  with  quartz, 
predominating ;  granite  of  a  bluish  grey  tinge ;  syenite  with  telspar 
m  excess  ;  syenitie  greenstone  ;  greystone  ;  grey  felspar,  transparent 
<[iuirfz  with  some  bluck  mica  interspersed,  and  miclei  with  the  mica 
in  excess ;  a  (|unrtz()-felspathic  basis  (pegmniite)  with  minute  par- 
ticles of  mica  and  hornblende  disseminated,  in  some  places  sparingly, 
in  others  ftbundanlly,  sons,  on  partial  decomposition,  to  give  the  rock 
llie  appearance  of  finely-ground  pejiper  ;  8])herical  nuclei  of  mica  with 
a  little  felspar,  surrounded  by  concentric  lamintc  ;  greenish  grey  sac- 
cliaroid  felspar,  with  crystals  of  quartz  and  nests  of  mica  sparingly 
disseminated  ;  'whitish  felspar,  black  mica,  and  honiblende  ;  well- 
cryslatlized  felspar,  with  dark  green  hornblende  disscniinated  in  gra- 
niucs,  cloudy  spots,  and  fibres ;  blackish  greenstone  or  hornblende 
rock ;  felspar  and  hornbleudc  coufusedlv  aggregated ;  opake  white 
felspar,  tinged  green,  ami  blackish  green  nornblendc  in  very  large  and 
distmet  granules)  very  finely  grained  blackish  greenstone  approaching 
to  basalt ;  basalt ;  opake  bluish  grey  and  white  saceharoia  fels|>athio 
and  ({uartzo-felspatluc  bases,  inclosing  crj'stals  and  grains  of  horn- 
blende and  translucent  crystals  of  felspar  (closely  resembling  one 
variety  of  Vesuvian  lava),  in  some  places  becoming  conqiaet,  the  liorn- 
blende  granules  sometimes  so  minute  as  to  appear  like  fine  black  dust 
Hprinkleil  on  snow ;  in  the  grou]i  of  rocks  close  to  Ubin  called  S'kodo 
(from  the  sujjposed  resemblance  of  one  of  the  most  cons|iieuou.s  to 
a  frog),  there  is  found  a  regular  large  granitic  crystallization,  the 
hornblende  being  in  well-defined  crystals  of  various  sizes  and  mostly 
fibrous. 

3.  T/ie  Ftrrruffinmu  llvckg. — The  iron-rock  and  quartz  which  are 
found  so  generally,  and  in  particular  locaUlics  so  strongly  develo]>ed, 
occur  occojiionally  in  broad  irregular  (latehes  and  bands,  but  usually 
*  I  have  uot  perioaall}'  exaiuined  Bintang. 
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ill  walls,  veins,  and  seams.  Wliere  thoy  are  moat  abutidant  the  pcia- 
cipal  walls  follow  the  direction  of  the  beds,  but  are  most  fr«<(ueiulr 
sinuous,  and  connet-ted  by  branches  with  those  adjacent.  Th«  bob 
themselves,  in  such  cases,  are  generally  bent  in  a  similar  ^ 
The  sides  of  the  beds,  where  not  obliterated  by  these  walls,  are  i 
indurated  and  acquire  a  shining  mammillated  surface.  SandstauM I 
oftcu  divided  into  little  cubical  suid  rliuniboidal  couiiiartmenU,  i 
pervaded  by  a  complete  reticulation  of  a  tliin  black  lernij^ooiu  ( 
or  wall,  which,  from  the  washing-out  of  tlie  sandstone  by  the  a 
of  the  waves,  projects,  like  the  sepimcuts  of  a  houey-comb,  from  i 
surface. 

In  clays  and  shales  (and  sometimes  iu  fiue-grained  sandstoufs)  ml* 
coloured  laminic  are  frequently  seen  in  comiectiou  with  tlu-  ferm* 
ginous  walls  and  veins,  and  arranged  either  in  lines  radiating  tram 
points  or  in  concentric  curvilinear  figures.  The  most  remarkable 
examples  of  this  laminar  coloration  occur  in  the  islands  of  Joo|^  Si^ 
baru,  and  Bukum.  Another  kind  of  lamiuatiou  is  ot\eu  seen  in  fer- 
ruginous walls.  In  this  the  original  laminse  of  the  rock  arc  ur«> 
served,  but  converted  into  iron-ure.  Sometimes  they  arc  swoUea  into 
a  globular  form.  Thi$  seems  to  be  the  origin  of  must  of  the  inaiiK 
millatcd  and  botrjoidal  forms. 

The  associated  iron  and  quartz  arc  found  developed  ou  the  largtat 
scale  at  Marambong  and  Taniong  Kinawar ;  and  more  or  leM  quanx 
is  found  in  almost  every  highly-ferruginous  wall. 

The  localities  where  the  iron  predoniiiiates  o>  cr  the  (luarti  an  vcnr 
numerous.  Amongst  the  more  strikin;^  instances  may  be  raenCJanc^ 
iu  sandstones,  T.  Sirimbuti,  Mount  I'almcr,  the  coast  of  P.  TQudg 
Oesar ;  and  in  shales  mid  clays,  P.  Dammar,  the  coast  of  Stn(;»|MH« 
opposite,  Tanjong  Peujuru,  P.  Siking.  P.  Sabani,  the  lateritic  jnw^ 
tion  of  Goveniment  Ilill,  the  north-eaat  part  of  I*.  Tikoog  Kicii^ 
and  Tanjong  Pungai. 

The  iron-rock  is  generally  a  hvdrous  peroxide  ami  .lifr.>»oiit 
of  brown  hiematite,  compact  and  ochry.     In  roost  I  lie 

jMjrtion  of  iron  varies  much,  and  is  often  too  small  to  i mmi  like  i 
to  be  called  an  ore,  but  patches  and  mas»rs  of  on-  occur  abundantly. 
and  some  walls  are  almost  wholly  comiMised  of  it.  Rcvnlu'ly  crj-stal- 
lized  ores  are  not  fre4{ueut  iu  considerable  juktchrs,  out  haniittilie 
crystals  occur  in  the  bo«ly  of  piect's  of  com(iart  orr ;  and  the  this 
brownish-black  and  black  ore  penetrating  frmiginated  rocks  in  acama, 
fonning  the  external  walls  or  cnut  of  mamimllaiy  tad  ~ 

and  the  lining  of  tubular  and  cavcmoiu,  maaaea  of  latsiili  i  

masked  rocJts,  is  stiinetinies  composed  of  fine  fibroua  crjatala.  I  have 
foimd  large-crystallizeil  hiematite  in  ferroginoas  aamMtoae  and  ahafe 
near  the  V>oundary  of  the  plutouic  and  BedimcaUr^r  tncta  to  tba  1MM> 
ward  of  Bukit  I'Wah.  and  in  viotet-ctdoured  (hale  midwaj  bctmca 
the  Chinese  Tokoug,  on  the  Paiidau,  and  Bukit  Timali. 

W c  have  already  mentioned  the  mode  in  whicii  ferrnipnotta  rack 
occurs  in  tlie  plutouic  tract.  The  following  ia  an  analjsa,  made  in 
England,  of  a  »|>ccimcn  of  the  common  ore  uf  the  dTkca'ocennii^  in 
Uiiy  tract. 
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^H  Peroxide  of  iron  (containing  .IG  parts  of  metallic  iron)  80 

^H  Silica,  lime,  and  alumina o 

■  Water   15 

■  Sp.gr.  312. 

^P  Pyrites  occur  very  rarely,  as  1  have  only  observed  them  in  a  con- 
siderable nidus  amongst  the  shale  of  Pearl's  mil  in  a  mass  of  anthra- 
cite, in  steatite  at  P.  Piel  Aycni,  and  in  the  granite  of  I'lilo  Ubin. 

4.  AUurium. — All  the  valleys  are  filled  up  to  a  greater  or  less 
height  with  alluvium,  the  bulk  of  which  has  been  deposited  from  salt 
water,  the  freshwater  deposits  being  generally  suiierficial,  although  in 
some  places  of  considerable  depth.  As  this  formation,  in  all  its 
varieties,  is  still  going  on  before  our  eyes,  I  will  here  mention  causes 
and  effects  together.  It  has  been  remarked,  that,  when  the  district 
attained  its  present  level,  the  sea  must  have  flowed  up  the  numerous 
long  inlets  which  everj-where  penetrated  the  land.  All  the  different 
rock-formations  must  then  have  been  accessible  to  the  sea.  Let  us 
revert  to  this  period  in  Singapore,  where  we  can  easily  trace  our  way 
back  to  it.  At  that  time,  in  crossing  from  Batu  Blyer  to  Tanjong 
Tanguloh  eight  arms  of  the  sea  had  to  be  passed,  each  with  its  shores 
winding  round  the  yjoints  and  into  the  concave  recesses  of  the  rami- 
fying ranges  which  separated  them,  and  receinng  from  the  multitude 
of  hillocks  the  clay  which  every  shower  of  rain  removed  from  their 
surfaces.  Tlie  whole  land  was  so  constructed  as  to  allow  the  greatest 
amount  of  waste  to  take  place  under  ordinary  atmospherical  erosion. 
Scarcely  any  flat  ground  existed.  Evciywherc  acclivities  rose  from 
the  sea  only  to  attain  a  certain  height  and  be  again  bent  into  declivi- 
ties which  s(mk  into  the  sea  on  the  other  sides.  The  upper  part  of  the 
valleys  filled  rapidly  with  clay,  nuid-flats  were  formed  there  and  along 
the  margins  of  the  inlets,  on  which  the  mangrove  and  other  salt-water 
trees  flourished,  mid  by  their  decay  gave  a  carbonaceous  character  to 
the  mud.  In  the  shade  of  these  maritime  forests  the  kupiting  and 
udaiig  kiteh  *  built  up  their  pyramids  of  mud  and  helped  to  elevate 
and  consolidate  the  floor,  while  their  excrements  and  remains,  with 
those  of  numerous  crabs  and  testaceous  mollnsks,  contributed  with 
the  vegetable  matter  to  give  a  new  character  to  the  clay.  In  the 
meantime  the  same  process  went  on  in  the  eastern  part  of  the  island, 
but  the  sediment  there  was  more  mixed  with  sand.  The  points  at 
the  mouths  of  the  inlets  along  the  whole  northern  coast  of  the  second 
basin  of  the  Straits  then  consisted  of  sedimentary  strata,  exposed  to 
the  action  of  waves  and  currents,  and  those  in  the  east,  in  particular, 
formed  of  yielding  sandstone,  supplied  a  large  quantity  of  alluvial 
matter,  whde  the  shales  of  the  hills  near  the  site  of  Singajwre  town 

•freely  gave  their  loose  red  soil  to  the  sea.  WT\en  the  mangrove- 
marshes,  with  their  mud-flats  in  front,  had  gradually  approached  the 
moviths  of  the  narrow  inlets,  a  new  condition  of  tilings  arose.  The 
sand,  no  longer  sinking  into  deep  water  beyond  the  influence  of  the 
powerful  surface-agitation  of  the  sea,  was  thrown  upon  the  mud-flats, 

*  Burrovring  crabs.    The  udang  kiteh  ia  tbaped  like  ■  scorpion,  and  greatly 
reteniblcs,  if  it  be  uot  identical  witb,  the  ThaUutina  teorpionoidet. 
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and,  during  the  north-cast  monsoons,  the  \\ea\-y  waTcn  from  tlte  Cluiia 
Sea  ])ile(l  it  up  iii  long  belts  in  front  of  the  mangrove*. 

The  clayey  sediment  of  the  phitonic  tract  now  iu-cumuUt«d  i 
exchisively  around  the  mangroves  within  these  b«"lts.  A»  the  i 
extended,  tlie  waves  no  longer  penetrated  into  the  inlets.  In  tiw 
higlier  part  of  the  valleys,  and  in  the  recesses  of  the  lower  parts,  the 
water  became  brackish,  the  mangrove  and  its  associates  died  not,  and 
a  new  and  more  exuberant  order  of  vegetation,  hi  which  palms  awl 
i'erns  abounded,  took  their  places.  A  black  (H-aty  matter  now  fonued 
rajildly,  filling  up  nil  the  hollows,  ~i  '  over  the  ancient  tonii- 
(lat.H,  and  burj'ing  the  remains  of  the  .  ('(ireiti.    The  aHinrimn 

now  advancing  beyond  the  inlets  into  llu'  gv.'  ■■   ot 

Singapore,  the  three  processes  which  we  luivc  for 

the  future  sinniltaneoualy.     One  fand-bank  nt  r  was  lUrown 

up,  and  the  .streams  from  the  vallt'y-<  were  delV  •  >  hwoons  !)«• 

tneen  them,  in  which  a  Kuecession  of  event*  analopma  to  uott  oftiic 
cltl  inlets  took  place.  In  the  upfwr  part  of  each  ■ueeeaatw  Ufooii 
were  brackish  marshes,  in  which  dense  fore«ts  jjrew  ;  and  ui  the  lower, 
and  along  the  murgins  of  the  er(-eks  as  far  as  the  water  was  salt,  the 
mangn'ves  kept  their  place,  fomiiug,  with  the  sand,  a  barrier  apunst 
the  waves,  llauk  after  bank  arose,  lagoon  after  lagoou  was  furmcd, 
until  the  whole  of  the  ancient  bay  was  converted  into  a  manh.  cuvrmi 
with  forest  and  containing  a  succession  of  dry  banks  of  »aud  nr  per- 
matattffx,  the  last  of  which  tms  formed  the  present  la^ion  of  the  G«>> 
Inng,  projecting  its  extremity,  like  a  toncne,  into  tlte  barlxjur  of  Sin* 
gaporc  at  Taujong  Hu  (Sandy  Point),  and  has  given  a  common  e*tii«iy 
to  the  streams  tVom  e\ery  valley  that  opens  into  the  Stngaporc 
plain. 

TliL<  hlKtorr  we  narrate  with  as  much  confidowc  m  if  llim  had 
been  human  witnesses  and  chroniclers  of  its  whole  prapcM,  hcoMN 
not  only  has  it  U-ft  its  own  records  of  all  its  (tMi^  bat  iti  coiiuil 
rventii  are  repetitious  of  these,  and  afford  the  mOHt  expUDialia^.i 
each  of  them*. 

The  valleys  hare  now  perfectly  level  sorftna,  eovered  with  i 
where  plantations  have  not  been  formed ;  and  the  layers  of  whidi 
they  are  composed  are  the  pure  plutonic  clay, — a  dark  bhush  mariae 
clay  which  is  seen  at  the  heads  of  the  valleys  on  both  aidea  of  the 
inland  up  to  the  foot  of  Bukit  Timah, — a  Mack,  soft,  vt((e(ahk  peai^ 
or  rather  mud,  in  some  places  of  gntt  depth  where  hoOowB  wnv 


*  "  Tkf  Invirr  |tsrl>  of  the  Ta!1rn  are  moilly  iwsapx*  *«»««llH>>  of  f>»t,  fiff, 
fi'  'hm  an  wuMmUt  vtu  eewfc»t<y  awX 

■  ti«M  ttf  msiabiH.    liMMaf  M  SM  of  I 
wunM  cvvrrrij  wiin  tsji  nu>  vriuicr  llM^  and  ikwM  ttllMWaad  VWWta 

Ofidqr.  aad  from  tbs  looiaawi  of  Dm  daip  M  *t  Uaak  vmbUs 
acnmrolaied  mnaiat  «f  tbdr  sbortJivcd  umhe— iim    iltifiaad  ttm  la  U  ia 

Ihcir  turn,  anil  cnasideiinf  tKe  dqMtdU  of  cUy  and  laid  whleh  i 

pre  htc  to  It,  it  Ik  bapqislbtc  ta  Awbl  UiM  we  •>•  aatar*  i 

HMSu> '  ^iicBsMriab  ofaMM  «r  iha  I 

Draaflii  Toward*  tb«  tsa  tfasM  iONtf  I 

BwaBf*.  —  <»•  iiu>  /«<«/  airf  MWw*  <r*atap  ^  t 

A«M(rs.  ^r.  (.by  i.  K.  Loiaa.  >■«■).  Joan.  Ma|>iUiale  ladat^vaLnLpb  I 
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existed, — and  sand.     Tlie  plain  coiisiutit  of  the  same  matter,  sand 
^^And  vegetable  mud  prevailing  towards  the  surface  in  all  the  eastern 
^■part,  where  alone  a  considerftble  extent  of  either  is  found.     The 
^  inner  part  of  the  plain,  before  it  was  cleared  and  partially  drained, 
formed  there  a  large  marsh  called  Pava  Lebar  (broad  marsh)  with  a 
^B  deep  bed  of  black  vegetable  mud  in  which  a  dense  forest  grew.    The 
^K  outer  part,  towards  the  rnngi-  of  sandstone  hills  fonniiig  the  eastern 
margin  of  the  plain,  is  a  sandy  flat,  which,  as  it  extends  to  the  west, 
dindes  into  long  pirmntangs,  with  flats  of  clay  and  vegetable  matter 
between  them.     The  ujijier  or  eastern  part  of  these  flats  often  con- 
tains a  considera1)le  proportion  of  sand.     The  more  inland  banks 
contimie  across  the  inner  part  of  the  plain,  making  the  first  continu- 
ons  coasts  of  the  buy.     Others,  deflected  in  dirt'ercnt  directions,  but 
generally  trending  more  to  the  west  and  to  the  south  of  west,  traverse 
the  plain  ;  the  penultimate  one  exteniliiig  along  the  Changgie  road  u)) 
to  Kampong  Gkm,  and  the  latest  forming  the  present  coast  termina- 
ting at  Tanjong  Uu.     Although  the  force  of  the  north-west  monsoon 
has  laid  down  the  sandy  debris  of  the  eastern  cliffs  in  these  long  per- 

■  matangs  extcnduig  to  the  western  side  of  the  plain,  deflected  all  the 
eastern  streams  in  the  same  direction,  and  is  even  bending  to  the. 
west  the  mouths  of  the  western  streams  themselves,  and  driving  them 
all  up  into  the  extreme  S.W.  comer,  where  there  will  probably  be  ulti- 
mately but  one  outlet  for  all  the  waters  that  fall  into  the  harbour,  yet 
there  are  records  of  a  time  when  the  western  side  of  the  j)lain  and  the 

■  western  inlets  had  their  own  jiennatangs.  One  of  the  most  distijictly 
marked  runs  transversely  to  these  inlets,  or  from  S.W.  to  N.E.,  and 
it  must  linve  been  formed  while  the  greater  part  of  the  plain  traversed 
by  the  permatangs  from  the  east  was  covered  by  the  sea.  The  only 
point  where  the  Sigliip  sandstone-ranges  are  now  wasting  is  at  the 
lied  (.'liffs,  but  the  hills  stretching  to  the  west  of  this  for  about  u  mile 
and  a  half,  and  gradually  retiring  from  the  present  line  of  coast,  are 
slwrply  scaqicd  at  all  their  points  which  project  on  the  sandy  plain, 
and  the  scarj)ing  of  those  forming  the  S.W.  angle  of  the  range  was 
probably  coa-val  with  the  formation  of  the  permatang  in  question*. 
Shells  are  found,  often  very  abtmdantly,  in  the  alluvial  clay.  Beds 
of  Coral  are  also  occasionally  met  with.  The  infrequeney  of  deep 
excavations  is  probably  the  rea-wn  why,  in  localities  inhabited  from 
very  aueieuf  timesf,  human  rcmiiins  are  so  seldom  brought  to  light. 
In  the  iimer  part  of  the  Sing«]>ore  jilain  a  ])icee  of  coir-rone  wag  found 
6  feet  below  the  surface,  and  a  |)iecc  of  wood  boreil  through,  and 
having  the  hole  filled  with  the  twisted  fibres  of  a  piece  of  rope,  was 
found  in  the  town  of  Singapore  at  a  depth  of  10  feet.  Mr.  Thom- 
son bored  through  10  feet  of  blue  mud  and  'M)  feet  of  ferrugiuoua 


I 


*  The  jicrmatangs  of  Singapore  tre  inferior  both  in  lenjitli  anil  clcvution  to 
tlioie  of  the  large  plain  of  I'mvinc-*  Wpllesley,  facing  l^nuiij;.  whidi  h«v«  Iwtcn 
formed  by  Ibe  wavi-ti  of  the  Uaj'  of  Ilrngol.  I'or  further  iiifurmatmn  nii  thii  siib> 
ject  eoiisiilt  the  section  bcadixl  J/ivert  and  Jlluruil  t'ormalioat  in  my  "  l^kelch  i>f 
the  Pliyaical  Geography  and  Geology  of  the  Malay  Peninsuhi,"  Jouni,  Ind.  Arch. 
Tol.  ii.  pp.  llCtol3(i. ' 

t  Journ.  Ind.  Arch.  vol.  i.  p.  300,  302,  aud  vol.  U.  p.  617. 
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earth  before  this  piece  of  wood  was  brought  u]).     Other  40  feet  ( 
hard  ferrugiauus  earths  aud  clays  were  pierced  at  this  locality  (e 
the  Hindu  Temple). 

At  the  Gaol,  :i5  feet  of  blue  mud,  mixed  with  sheOa,  were  (aumi  , 
resting  on  red  earth  mixed  with  the  bark  of  treM. 

At  Teluk  Aver,  near  the  beach,  the  layers  bored  tbroo^  wci 

Soft  blue  mud  with  shells' 40  feet. 

Brieht  red  ckys  alternating  with  brown  aud  yellow 

clays 60    „ 

At  the  foot  of  Government  Hill,  near  the  Convict  Lines,  that  | 
were  foiuid, — 

White  clays 20  ftct. 

Red  clays  and  latcritc  resting  on  a  very  hard  white 

day 30    „ 

In  digging  "  Jocksing's  M'ell,"  9  feet  of  alluvial  sand 
to  rest  on  ferruginous  gravel  umilar  to  that  which  occurs  frcqnroUy  \ 
on  the  hills  near  Siugajiore*. 

We  have  not  inentioued  Coral  as  contributing  to  the  tUunnB  ofj 
Singnporc  plain,  because  there  is  no  evidence  that  it  did  lo  in  •  i 
sidemble  degree.  The  eastern  cliffs  wasted  too  rapi<lly  to  aOow  of  ■" 
its  growth  in  front  of  them,  and  mud  aiul  sand-banks,  Utth  un&Toar- 
able  to  the  Polyps,  were  constantly  increasing  witliin  thr  b«y.  Tht 
fresh  water  whielt  it  received  from  the  interior  would  aUo  be  iiafdk 
tn  tluni.  W'c  shall  at  another  place  notice  the  localitic*  whrre  thaf 
flourish  and  the  office  they  perform. 


4.  Slruelurf  and  IhtpotitioH  in  tht  Man*  of  tkt  JtocJiMf. 

1.  Sedimrntary  rock». — With  the  exception  of  tltc  »«nJl>ODCt  to] 
the  ensteni  pnrt  of  Singapore  and  thoM>  on  the  mt  bank  of  the  Kw  I 
Johor  below  Jiilior  Lnnin,  which  arc  nearly  horiiootlll,  the 
at  various  angles,  genendly  liigh,  and  fr«'<]Uontly  vertical. 

Their  strike  over  the  whole  illxtrict  approximates  to  the  dtreotion 
of  the  Mniav  Peninsula,  or  N.W.  bv  N.  It  deviate*,  hoiiVicr.  ahottt 
2-2^°  on  Im>Ui  sides,  or  N.  by  W.'and  N.W.  bv  W.,  ami  thie  DM 
merely  at  }ilaces  distant  from  i*Bch  other,  but  in  limitrd  localitMa. 

Strata  are  very  rarely  found  lying  in  other  qiiartrn*  of  tlie  ooaipaai^ 
and  Huch  alM-rralions  never  extentl  far.  The  nio«t  utriking  fxcep> 
tiont  are  Kiltiney,  ailjoiniiig  Govenuiient  Hill  in  SingmKiir,  where 
the  strata  run  N.N.E.,  us  tliey  alw  B|i{icar  to  do  in  (hennt  hiD  i 
the  west.  Institution  Hill. 

*  Tlir  «liovi'  (Mn^ph  i»  from  lh«  paper  cited  ia  Um  pncadiaf  i 
adilnl,  on  tbr  lutUonty  of  Dutch  writen,  that  ia  Baaka,  whidi  b  a  pHt  af  I 
I'enintuUr  )<aD(l  of  <-\>  vau,.u   gnd  where  tin  pit*  are  oAea  <in  M  a  nMiM 
depth  ihrougb  the  .  <rr  hu  brcn  faoad  a  bed  of  tae^wilk  ««ad  ' 

liail  httu  rut,  l>elot<  .  :  <1it  ;  •  txitl,  dlSctiaf  from  tkr  kiaik  whMl  ktcm 

brrn  in  iiu-  (hwa  tiiw  laiawmnrial,  ai  a  depth  of  l(  tm ;  aad  uaeca  M  a  liiak 
Acid  in  iiiiillM*  dee])  pB. 

t  I  htv«  nbtaioed  tttUau  aad  aManieaeaia  of  the  itiala  af  mm^  af  An 

iaiaiaU,  but  I  reiene  Ihoa  fer  Mtieti  afdMN  i 
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Amongst  the  most  continuous  lines  that  I  have  observed  are  that 
of  Biikum,  Jong,  and  Sabaru,  nearly  N.W.  i"W.  throughout;  the 
Batu  Bljcr  saudstonc-clifis  along  a  considerable  portion  of  their 
length ;  some  of  the  shale-beds  extending  from  Tiloh  Blangah  and  PiUo 
Brani  to  Bkkaug  Mali ;  the  most  southerly  beds  of  Sikukur  which 
are  continued  in  the  West  Sikijang.  But  the  greater  number  of  the 
islands  and  points,  where  the  stratification  can  be  obsen-ed,  present 
irregularities.  Thus,  to  notice  the  most  marked  instances,  proceed- 
ing from  north  to  south,  at  Marambong  we  not  only  find  the  more 
ordinary  oscillations,  sucli  as  N.N.W.,  N.W.  J  N.,  &c.,  but  licnds 
and  cur^-es,  so  that  at  some  places  the  beds  nni  N.E.  by  E.,  N.N.E., 
&c.  At  Busoug  similar  irregularities  oerur,  as  we  see  N.E.,  N.E. 
by  N..  N.N.E.,  N.,  N.  i  W.,  N.N.W.  ^  W.  At  Tanjong  Lonipatau 
the  strike  is  N.E.,  E.  bv  S.,  &c.  The  more  common  variations  are 
such  as  those  of  Batu'Blver  Cliffs,  N.N.W..  N.W.  bv  N.,  X.W.  ; 
Blakaiig  Mati,  N.N.W.,  N!W.iW.,  N.W.  by  W.;  P.  Brani.  N.N.W., 
N.W.  bv  N.,  N.W. ;  the  hilU  cast  of  the  village  of  Tdoh  Blangnh,  N. 
bv  W.,  N.N.W..  N.W.  bv  N. ;  West  Sikijang,  N.  bv  N.W..  N.N.W., 
N.W.  bv  N.  ;  East  Sikijang,  N.  by  N.W.,  N.W.  i  W.,  W.  by  N.  ; 
Tanjong  Finger,  N.  bvW.,  N.N.W.",  N.W.  by  N.;  N.W..  N.W.  by  W. 
at  Tanjong  -Malang  ;'N.W.  hv  W.  and  N.  bv  W.  in  Mount  Wallich 
(25);  N.W.  by  W.  and  N.W.  by  N.  in  Pearl's  Hill  (28).  The 
most  prevalent  strikes  recur  in  almost  every  locality  where  the  strata 
arc  well  exposed.  N.  by  W.  beds  are  seen  in  Sambo  Kichi,  Tanjong 
Pinger,  1*11011  Blangah,  and  Ijoth  Sikijangs,  Mount  Palmer  (24), 
Mount  Wallich  (2.")).  and  Tanjong  Pagar ;  N.N.W.  in  T.  Piiiger, 
T.  Dangas,  Marambong,  Sikra,  Batu  Blyer,  Blakang  Mati.  Pulo 
Brani,  Tilo  Blangah,  Sikukor,  West  Sikijang,  Tanjong  Pagar,  Tan- 
jong Malang,  (iovernmcnt  llill  (35)  ;  N.W.  by  N.  in  T.  Pifiger, 
Batu  Blyer,  T.  Blangali,  P.  Brani,  and  West  Sikijang;  N.W.  in 
Piel  Avem,  Tanjong  (Jul,  Batu  Blyer,  Ilodin's  Hills,  Pulo  Hantu  II. 
(12),  i'auti  Chinniu  (l.M),  Pulo  Brani,  and  Blakang  Mati,  Tanjong 
Malang,  and  the  east  point  of  Bintang  ;  N.W.  -^  W.  in  Bukum,  Jong, 
B.  Blyer,  B.  Mati,  West  Sikijang,  and  Tanjong'Pufigai ;  N.W.  by  W. 
in  Sabaru,  Batu  Blyer,  Hodiii's  Hills,  T.  Blangah,  P.  Brani,  Blakang 
Mati,  Timukul,  M'ount  Wallich  (25),  Dickinson's  Hill  (29),  and 
Pearl's  Hill  (28) ;  in  the  shale-beds  between  Tilo  Blanga  and  the 
Sepoy  Lines  (30),  N.W.  in  the  same  beds  to  the  west  of  Bukit  Tiniah. 

The  variations  in  dip,  like  those  of  strike,  have  a  general  character 
of  uniformity,  with  considerable  occasional  deviations.  Vertical  or 
approximately  vertical  strata  occur  in  P.  Blakang  Padang,  Sambo, 
T.  Pinger;  T.  Busong,  Jong,  Bukum,  the  Batu  JBlyer  Range,  Ho- 
din's  Hills,  the  N.W.  point  of  P.  Blakang  Mati,  the  Tiloh  Blangah 
Hills,  Mount  Palmer.  Oscillations  may  be  observed  in  Marambong  ; 
in  Busong  ;  in  the  Batu  Blyer  Range  of  about  70°,  or  from  25°  W.  * 
to  vertical  and  a  few  degrees  from  vertical  to  the  E. ;  in  Tanjong  Pinger 
about  75',  or  from  20°  W.  to  vertical  and  a  little  to  the  E. ;  in 
P.  Blakang  Mati  of  about  45",  or  from  50°  W.  to  a  Uttle  E.  of  verti- 
cal ;  in  West  Sikijang  of  about  90°,  or  from  45°  W.  to  45°  E. ;  in 
*  W.  and  E.  are  here  used  for  westerly  and  eaaterly. 


Si6 


PROCEEDINGS  Ot  TOE  OBOLOQICAL  SOCIETY.       [JlllM  ] 


Bljw] 


East  Sikijfu)^  about  3^,  or  from  •15''  to  80°  E. ;  in  the  nngo  tcr- 
tninating  at  Taojoug  Batu  (Singapore)  about  85°,  or  from  &(f  Vf. 
lo  I.V  E. 

A  liigh  iiiL'liuntioii  being  very  cummon,  a  decidrd  tradmoT  to  ■ 
dip  ill  one  direction  is  not  to  be  anticipated.  In  several  locaUtiaa  tW 
rocks  (lip  Anay  from  vertical  on  both  udc*t  JiMBatting  the  rriitww* 
of  sYiuTinal  axe^,  wliich  in  a  fcvr  instaucea  ■«  aecn,  aa  in  tfa«  N  JL 
])oiii't  of  Ulnkaiig  Mati,  Mount  Pabner,  &c.  The  only  diatinct  i 
diniil  axiM  tliat  I  hnvc  observed  is  in  a  hill  forming  t)xe  tooth  | 
of  M'cbl  Sikijoug,  where  the  strain  arc  nrehe<i. 

Notwithstanding  tliis  teudeucy  to  vcrticaUty,  the  wtatrrly  dip^ 
the  mIioIo  predfmiinat<>s  in  the  western   part  of  the  diatrict.  " 
nUhough  beds  having  an  easterly  di[>  are  found  in  P.  MiramT 
P.  BlakAiig  Padong,  P.  Busoiig,  i^.  Joug,  P.  Sabaru,  the  Uatn  . 
Kaiige,  P.  Ilaiitu,  Blakang  Mati,  Sikukur,  AVe«t  and  Caft  Sik 
T.  Pinger,  Mount  M'allich,  Mount  Palmer,  Kiltincy  Hill  (34),' 
and  hi  some  cases  the  dij>  is  exclusively  to  the  cost,  yet  in 
these  localities  the  lieds  tliat  <li|)  to  the  east  are  n«Mxiated 
greater  extent  of  beils  that  have  a  westerly  dip.     In  the  eastern  [ 
of  the  district,  however,  the  dip  is  gt- nernlly  to  the  eaatwaid,  w  at  J 
the  Tiltongs,  Tanjoug  Pufigai,  and  tbe  N.E.  jHiint  of  Bintang;  (mK 
it  is  not  iiiiifonnly  so,  for  at  Tanjnng  lx)mpntan  it  i«  oiiout  -IS^'  W. 
In  the  next  considerable  exposure  of  ro<-ks  on  the  cast  cnaat,  thoacof  ] 
Sidili  Point,  to  the  north  of  the  distrirt,  tbe  dip  ia  agam  outerij. 

The  strata,  although  where  iron-rock  and  i|iiartz  oecur  oAen  m 
lUsturbcd,  nud  sometini(>s  in  patches,  broken  i<>i  nml  mixed.  fbcH 
a  hard  fcmiginoiis  breccia,  are  nowherr  ei)i>:  i>.itt«rvd>  I 

the  fragments  confusedly  niingle<l,  except  in  c I    nnrtinan  rf 

(inveninienl  Ilill  (IM),  Mount  Sophia  (IK),  and  .Mount  Siligi  (47).  j 
where  no  beils  are  distinguisluible,  the  hard  gnn '-'  "  'I'ing  aoatUfMl 
ihrongh  tlie  clay,  at  ^ouIe  places  in  angular  bl  n  (ew  [ 

to  neveral  feet  in  diumeler,  and  in  others  as  a  niu'  nn  .na. 

2.   T/ir  Plutonic  rurka. — Tbe  pri'vnlen«v  of  ft'lir]iar  and  hor 
renden  tliese  riH'kx  very  decoiiipoMihle  when  kr]>t  rxpoacil  to  thai 
thienee  of  water  under  gn)uud.     Hence  while  block*  rmng  tSoom  UmI 
soil  suffer  bttle  whaIc,  tlw  mass  l>eluw  ts  almost  cvrrt'whcrv  coamtoJ 
into  clay  to  n  eoiiMderabli-  but  unknown  drjith.     The  only  loealitTM 
the  district   where   riK'ks  have  eacn|Ktl  I'.inn  in  sitlRciait 

imndier  and  »i/.e  to  display  their  atmctiir  '  L!htn.     This  iiaa 

probably  Ik-cu  owing  to  tbe  Kteepneas  anil  rmrrowneM  of  the  ttaafgt  ot 
which  it  eousi-tts,  and  the  action  of  tlie  m-b  along  faotli  ita  aid 
have  combined  to  degrade  ami  wajdi  away  the  dMan|MMeil 
tlius  leaving  the  inorv  resistcnt  innwirs  to  emerge  tmm  the  aoQ 
stand  out  abo^e  the  iudueucr  of  deeompositinn*. 

All  the  iiuiueruusexiKiMNl  bim'ks  of  Pii!"  '  '■•:  '— .ve  a  large  I 
fir  zoned  structure.     'Ihe  laminK  arv  in  <  nn*,  flat,  cplitfli>  < 

eal,  and  concentric,  and  variously  cnrred ;  luii  uie  ^rsieaia  of  cinin  | 

■  Ut^rii  All  I'Mnxi  J  n.(V,  ;>  oiiacttil.  thadecoMpoala;  pnrtti  h 

t  fur  Ibe  line   Uadcrfraavd 
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and  curves  seen  in  horizontal  sections  are  generally  portions  of  a  con- 
nected system,  of  which  the  external  latninic  are  rectilinear,  or  nearly 
SO.  The  priiiciiial  rectilinear  planes  of  di%-ision  approximate  in  their 
general  direction  to  N.E.,  8.W.,  or  at  right  angles  to  the  axis  of  ele- 
Tatiou  of  the  region. 

Trans^'erse  and  approximately  horizontal  planes  of  diriiiion  exist, 
so  that  the  rock  tends  everywhere  to  break  into  spherical,  cuboidal, 
and  tabular  masses.  Its  composition  in  many  places  varies  with  the 
structure  ;  and  the  imequal  wasting  thereby  occasioned  has  given  rise 
to  very  singular  external  forms  in  the  exposed  mosses.  The  most 
common  arc  cuboidal  rocks,  from  a  few  yards  to  twenty  and  upwards 
in  diameter ;  having  their  sides  traversed  by  concave  vertical  grooves, 
varying  in  depth  from  a  few  niches  to  about  six  feet ;  the  sides  of  the 
larger  concavities  being  often  grooved  in  their  turn.  These  grooves 
generally  extend  from  the  base  to  the  summit  of  the  rock,  a  height 
in  some  cases  of  about  40  feet,  although  generally  much  less.  On 
the  upper  surfaces,  and  on  the  sides  where  they  are  inclined,  a  suc- 
cession of  hemispherical  and  pear-shaped  cavities  are  frequently  seen  ; 
and,  where  they  are  wanting,  less  regular  furrows,  corres])oudiug  with 
divisional  jihuies,  generally  supjily  their  place*. 

The  true  explanation  of  all  thesi;  phicnoniena  I  l)elieve  to  he  that 
which  I  ofl'ered  towards  the  eonelusion  of  the  paj)er  mentioned  in  the 
preceding  note.  It  is  as  follows : — "  The  blocks,  protnuhng  from 
the  hills  or  ranged  along  the  idiores  of  Pulo  Ubin,  arc  more  sohd  and 
less  decomposable  masses  aiul  luiclei,  of  which  the  forms,  with  the 
directions  of  tbeir  sides  and  axes,  have,  in  almost  every  instance,  been 
detcrmuied  by  structural  planes,  and  which  remain  afler  the  surround- 
ing rocks  have  been  disintegrated  and  washed  away.  With  respect 
to  tlie  latter,  it  is  ob^nous  that  while  the  blaiul  has  been  extenuing 
by  the  growth  of  alluvium  in  its  hays,  its  more  open  coast  has  been 
slowly  retreating,  so  that  what  was  once  a  part  ot  the  suUd  land  is 
now  a  band  on  its  bortler  washed  by  the  sea,  hut  still  exhibiting 
numerous  rocky  remnants.  The  larger  masses  still  evidently  occuj>y 
thi-ir  original  positions.  Frcfiuently  their  seaward  face  is  curveu. 
Sometimes  another  mass  stands  beliind,  merely  separated  from  that 
in  front  by  a  chasm  whose  sides  are  ]>arallel.  With  respect  to  the 
deeomnosUion  of  the  rocks  on  the  hills,  the  soil  is  entirely  derived 
from  this  source,  with  the  exception  of  a  very  slight  superficial  mix- 
ture of  vegetable  matter,  which  in  many  places  is  absent.  In  general, 
however,  the  blocks  that  remain  arc  decomposing  with  exceeding 
slowness.  One  exccjition  I  noticed  ui  the  X.W.-S.E.  side  of  a  block 
about  20  feet  in  height.  The  lamina:  being  inclined  inwards,  in  dis- 
ni|iting  by  their  own  weight  fall  some  feet  in  front  of  the  base,  where 
a  long  mound  of  earth  has  consequently  accumulated.  I  have  now 
only  to  revert  to  the  grooves.  The  circumstances  attending  them 
which  any  hj'pothesis  of  their  origin  must  explain  are  these :  their 
general  prevalence ;  the  existence,  however,  of  exposed  rocks  devoid 

•  1  have  (Icscrihwl  the  rocks  of  Pulo  Ubin  ia  detail  in  a  paper  commnnieiited 
to  the  Datavian  "  Genootschap  van  Kuntten  en  Wetentcbappen,"  in  1847,  and 
published  iu  the  22nd  voL  uf  their  Transactions. 
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of  them  ;  tlieir  1>eiu){  coiiimuiily  continril  to  the  siilcs  fadag  tlw  ( 

r  aoac 


tenor  of  the  ialaiid,  altliough  fometiini-s  found  on  other  i 
all  sides  of  a  rock  ;  their  great  depth  and  regularity ;  their  |_ 
coincidence  with  divisional  lines ;  their  couibrmity  to  the  coorw  tt 
rain ;  and  their  antiquity.  It  is  this  last  circumstance  which,  pr^ 
seuting  at  the  outset  a  great  difBculty,  leads,  on  further  conaaa^ 
tton,  to  what  I  consider  the  true  explanation.  That  meteoric  inflo- 
ences  have  been  the  great  agents  of  erosion  I  hare  already  "itgrrttil. 
But  the  anticjue  and  permanent  character  which  is  imprtaMoaa  tb* 
great  majority  of  the  rocks,  their  vegetable  coatings,  the 
and  sharpuess  of  the  external  edges  of  the  grooves,  prove  that  I  _ 
rocks  must  have  existe<l  under  very  different  couditintu  from  th*  pi»» 
pent,  to  enable  aluio!.]iheric  I'orccs  to  produce  results  of  »uch  DUgOH 
tude.  The  consideraiiuni>  wiiich  have  hitherto  occupied  us  in  tht 
concluding  jiortion  of  this  paper  appear  to  me  to  indicate  what  I " 
conditions  were.  The  composition  and  stnirture  of  the  rxtcflMl  I 
unveiled  by  the  action  of  the  sea  on  the  lH*aeh,  ohow  toDCa  of  i 
rock  *,  rows  of  globular  deeom]M)sing  niasM-s,  and  of  harder  fenny. 
nous  spheroids,  &c.,  xusceptiblc  of  being  detached,  aitd  a  nmral  Icd- 
dency  to  (>erpendicular  division.  If,  therefore,  we  cononv*  the  cx« 
ternal  laver  of  the  island,  when  it  first  becamr  rxpoKcH  to  rfecompcM- 
tiou,  to  have  resembled  in  character  the  tone  that  h*«  Utii  laid  open 
for  our  inspecticm  along  the  beach,  it  is  easy  to  comprehend  bow  the 
wasting  away  of  the  mure  deeoni|H)sable  |Mirt5  might  at  iaat  Imvc  cx* 
posed  masses,  iuclnding  bauds  of  the  less  stuhbom  material  almdv 
partially  sotlened  or  disintegrated  under  ground,  anil  that  the  actitn 
of  the  atmosphere  and  rnin-torrents  woidd  gradually  exeat  ate  the 
more  yielding  ])ortiuns,  until  the  solid  rcniuauts  exhibited  their  pre* 
sent  8iia|>es." 


II.  Meteorological  and  HvDRauiisirAL  iNrLVKNCBS. 

We   have    necessarily  miticiputnl  niaeh  Ix-loiigiag  to  thi* 
The  mean  annual  tempemture  of  the  dUtnrt  is  about  81"  2.V  (thatd 
the  hottest  an<l  eiildcKt  numths  difli-riug  about  '2*  'fi')  -.  ihr  i 
from  r>°  to   7'^ ;  the  full  of  rain  aliout  !)'i  inches  dixtribuled 
every  month  in  Uic  year,  with  a  ctUMidereble  escc»  from  Orlobrr  to 
Janunr)'. 

.VII  the  climatic  furceii  which  oprmlc  on  thv  land  are  aflectca)  by 
the  two  monsiHins  which  prevail  in  the  Im'.:  ' '  !!  aad  Una*  Stft. 
During  the  S.W.  mun-timn  frimi  .\pril  to  <  '  its  StfRtta  itf  81^ 

gapore  being  tu  the  leeward  of  the  niouutaiii;..:.  >(ni,c«pMUe 

weather   is  experienced  ui  the   ihstrict.     >!:  a  u-iiucal  hot 

itcldoin  long-cunliimed,  and  the  snontlUy  meau  ut  \1m  thoaMMBelv 
ranges  from  8 1  ■  1'  I  to  H2-3 1 . 

During  the  N.E.  moiuwou  from  November  to  Mvtb,  wink  iIh 


•  Son  •  l»  «<•<■«  ilotiR  thr  lirirh  «Ub 

tida  Iki  .1  anil  Uir  Uiitum  i  Kift 

caw  «  toxtf  III  nirii  diftriag  ia  eunniowiiwi  fw  thet" 
grwlwlly  daosayoMd  aad  wMhad  o«t. 
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Straits  of  Molacca  are  sheltered  bv  the  mountains  of  the  Malay  Pe- 
ninsHln,  the  eastern  eonst  of  our  district  is  exposed  to  the  full  force 
of  the  mousoou,  and  the  hills  that  stretch  along  it  are  not  sulticiently 
high  to  destroy,  although  they  consideralily  modify  its  iiittuenee  in 
the  Straits.  During  the  greater  part  of  this  monsoon  rains  fall  abun- 
dantly, the  streams  are  fre(juently  swollen,  and  sometimes  overflow 
tlieir  valleys,  the  sun  is  obscured  more  frctiucntly  and  for  longer  pe- 
riods, the  temperature  is  lowered,  strong  winds  often  prevail,  and  the 
sea  is  more  agitated.  It  is,  therefore,  in  thU  monsoon  that  the  ero- 
sions an .  abrasions  of  the  land  referable,  mediately  or  immediately, 
to  the  climate  are  greatest. 

The  heat  and  humidity  of  the  climate  affect  the  solid  inorganic 
mass  of  the  land  chiefly  by  tlieir  favouring  the  decomposition  of  the 
rocks,  the  growth  of  vegetation,  and  the  degradation  of  the  soil. 
These  operations  are  much  less  marked  than  those  of  the  sea,  but 
they  arc  incessantly  progressing  over  the  whole  land,  and  their  effects, 
when  accumulated  by  time,  must  be  very  great.  The  soil  is  always 
kept  moist,  which  causes  the  decomposition  of  the  plntonic  rocks  to 
descend  to  a  great  depth  ;  and  the  rain,  the  most  constantly  acting 
and  universal  mechanical  agent  of  geologj-,  and  here  gaining  a  maxi- 
mum of  effect  from  the  configuration  of  the  ground,  falls  on  an  ave- 
rage about  half  the  nunil)er  of  days  in  the  year.  When  it  is  con- 
siflered  that  every  considerable  shower  in  Singapore  is  the  parent  of 
innumerable  little  rills, — each  turbid  with  fine  clay  and  propelling 
quartz-graiudes,  &c., — which  pour  down  the  sides  of  hmidreds  of 
hills  into  the  valleys,  the  great  beds  of  alluvial  clay  appear  less  dis- 
proportioned  to  the  size  of  the  streams.  These  are  very  numerous, 
but,  owing  to  the  low  level  of  the  country,  insignificant ;  the  broad 
and  deep  salt-water  creeks,  which  occur  at  short  intenals  along  all 
the  coasts*  and  seem  to  be  the  estuaries  of  considerable  rivers,  seldom 
extending  beyond  a  few  winding  reaches,  at  the  top  of  which  they 
dwindle  to  petty  rivulets  of  fresh  water.  None  of  the  Singapore 
streams  have  conrses  longer  than  six  miles,  and  it  is  only  after  heavy 
showers  that  they  j)our  down  a  considerable  body  of  water.  The 
continental  part  of  the  district  includes  one  large  river,  the  Johor, 
the  course  of  which,  in  a  direct  line  from  its  source  in  Gmioug  Blu« 
mut  to  Tanjong  Tikong,  is  about  fifty  miles ;  but  it  may  be  said  to 
fall  into  the  sea  to  the  north  of  the  (Ustrict,  because  the  long  and 
broad  estuary  as  far  up  as  Tanjong  Gidong  is  an  arm  of  the  sea.  It 
has  caused  the  formation  of  a  large  alluvial  tract  extending  along  the 
west  side  of  the  estuary.  The  other  rivers  of  the  mainland  fallmg, 
with  one  exception,  into  the  Old  Straits,  such  as  the  Pidai,  Sakodai, 
Tambriiu,  Libam,  and  Santi,  have  all  elevated  the  beds  of  their  valleys 
to  some  distance  from  the  Strait  to  a  level  between  low  and  high 
water-mark,  and  covered  them  with  marine  forests.  Thus  in  every 
valley  of  the  district  some  of  the  alluvial  processes  before-described 
are  constAutly  proceeding. 

The  Straits,  as  we  have  seen,  are  sheltered  from  the  direct  influence 

*  The  eastern  coast  of  the  matnland  and  the  S.E.  cotst  of  Singapore  mutt  be 
excepted. 
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nf  both  monsoons,  and  it  is  only  wlieti  the  China  Se«  ii  agitated  i 
strong  or  eontiimcd  winils  during  the  N.K.  monsoon  that  he»Ty  ^ 
roll  into  the  Strait,  ami  nttnck  nil  the  exposed  shorvs  of  tiio 
most  easterly  biLsliis*, — the  PeniiiHiiInr  coast  t'ri       °'      '  Uomanisj 
Marbukit,  the  ]^ntam  const  as  far  west  as  T  .nifg.  Hid 

south-eiist  const  of  Singapore. 

The  east  coa.«t  of  the  IVninsnla  and  th«  north  coaat  of  Bii 
h-ing  on  the  I'hinn  Sen,  nrc  at  nil  tinie*  exposed  to  the  action  ofi 
waves;  and  the  nbmsiun  at  nil  the  points,  notuilhstondinf;  the  i 
dity  of  the  rocks,  has  been  great.  It  is  pnrlieularly  obst<r%'ahIe  al  1 
promontory  lenninnting  in  Tanjoiig  Piifijiai  and  Tanjouj^  KJlu 
the  first  of  which  points  is  covered  witli  massive  {(lobular  block*  et 
iron-ore  gleaming  like  gigantic  ImlU  of  polished  metal,  the  iuilMtroc- 
tiblo  fnigmenis  of  a  hill,  one-half  of  v>  liieh  has  l>een  drttroyod,  ud 
of  which  the  clilT  behind,  notwitlKtundiiig  its  masses  uf  iron-rodc,  i> 
year  after  year  yieUling  more  ?poil  to  tlie  waves.  The  hill  at  Uw 
second  or  nortlu-rly  ixiint,  being  leis  ferrngiuoiis,  luLs  Ix'en  f^rauiid 
doMO  to  the  levi'l  ot  the  sea,  and  nothing  is  now  lelt  but  the  loi]|| 
ounrtt-peiiel rated  ledges  of  its  foundation.  The  c\tn>mit5i  irf  r" 
isiglaii  and  Tana  Mern  hills  on  the  east  coast  of  Singaiiotr,  I 
poscJ  of  soil  sandstone  and  conglomerate,  arc  annually 
Hbrasion  ;  liu-ge  I'ragments  falling  down  during  c\ery  N.E. 
The  waste  here  must  ha^e  been  enormons,  for  the  abfsdcd  tud 
conipletelv  l)l(M-ked  up  the  nhole  S.E.  coast  of  ancient  Sionpafic,  i 
that  for  al>ont  (en  miles  the  only  spots  where  the  tea  lountrs  it  ■ 
the  two  hills,  the  abra.Hion  of  which  forms  Tana  Mrra  Bitu 
Tnna  Mera  Kiehi  (the  l{«<d  ChlTit).  This  lonf;  sand-bank,  whiofa 
com|>letely  dammed  in  all  the  water  of  the  plain  of  Singapore,  b 
best  meaiinre  which  the  Straita  afford  of  the  power  of  thi* 
raised  by  the  N.E.  monsoon,  and  it  is  worthy  of  noti^v  as  an  in 
in  which  the  compensatory  effects  of  abrasion  far  cxccwl  the  i" 
tivc,  M  respects  the  sn|M'rticial  proportion  '   •  '      '  ind  sea. 

"The  sedimentary  ranges  to  the  westii  a,  which  are 

viii  linrged  with  iron,  Rill!  \vj  rd,  havr  o|>> 

p'  -etothewa;  bnt  the  r|ii:  'f^  cIat*  and. , 

«luik'«  uliicli  tlio  iHiiitain  has  f'  >  >d  long  rina  i 

Icilgfa  of  iron-iiinhked  rock,   -:.  Iianki,  nuvkt 

onc<>  how  <lifKcnltly  destnictible  tli>-_\  are  in  tli<'ms«lrr«,  and 
unavailing  the}    hn^e  proved   to  wvc  the  hills  which  thcT  I 

Ifl^-ther.     At  one  place  the  sen  has  cut  tbroofrii  mow  kiii^y 

rated  strata  and  divided  nn  island  ( ISIakang  Mali)  in  two.  aiul  % 
•trong  current  nishing  ihrvugh  this  narrow  ntcway  in;  injfc 

hour.  Its  old  circuitous  mute  arotmd  tho  nnrtltcm  md  c. 
haa  gradually  l>e<*n  tilled  up  with  mini,  ami  the  ilctachrd 
half  thiu  luiited  to  Singaiion?.     The  ialanda  in  tho  Strait  an 
gn-atly  abnulcdf,"  and  many  of  them  har*  long  Irdgw  iiutuaig 


•  Tb«  tiJ4a  oanaat  loiaathnai  nmi  far  aightaaa  boors  of  tka 
Ihc  Sinit  during  spdags,  aa4  fcr  two  or  three  iaj\  wHboat 
DeajM. 

t  Tbitiwtfiafh  sobrUcopieUfrommyBisayoo  ih«GNt«|7ofik« 
cUadbdtee. 
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from  their  extremities  or  exposed  at  their  sides.  When  the  sea  has 
worn  down  a  portion  of  one  of  these  islands  below  its  level,  the  coral- 
line polj^is  that  incrust  its  outer  margin,  where  it  sinks  into  deep 
water,  begin  to  advance  upon  it  towards  the  land  and  preserve  it 
fronj  further  abrasion.  Were  it  not  for  the  causes  to  be  mentii)ned, 
this  curious  organic  shield  would  effectually  defend  the  rocky  foun- 
dations of  the  islands  from  the  attacks  of  tlie  sea ;  and  in  process  of 
time,  when  the  Strait  was  denuded  of  all  the  liills  that  now  rise  ubovo 
its  surface,  each  of  them  would  be  represented  by  a  coral-reef  of  an 
irregular  annular  shape  *.  Hut  in  many  localities,  after  the  corals  have 
nourished  over  a  eousidernble  hurizontal  space  for  some  time,  yielding 
strata  of  sandstone  come  under  the  influence  of  the  waves,  which 
grind  them  down  and  spread  the  sand  over  the  coral-field.  The  speedy 
consequence  is  that  the  polyps  j)erish,  and  in  their  place  a  bed  of 
sand  and  dead  coral  is  left,  which  sometimes  cements  into  a  hard 
calcareous  layer,  but  generally  becomes  a  prey  to  the  sea.  Liung 
coral-fields  are  found  in  all  ])Brts  of  the  Strait,  but  most  ai)undantly 
in  the  north-eastern  portion  of  the  most  westerly  basin  in  the  shoals 
around  and  between  its  ninnerous  islets.  Beaches  from  which  corals 
have  perished  occur  frequenth' ;  amongst  the  largest  being  those  in 
front  of  Blakang  Jfati  \-illage,  the  east  coast  of  Sambo  Bcsar,  mid 
Uukum.  On  coasts  of  soft  wasting  sandstone  they  are  seldom  foujid  ; 
and  in  the  projier  mangrove  locaUlies,  that  is,  in  shcltercrl  places  w  here 
mud  accumulates,  they  are  cither  wanting  or  ate  scattered  in  small 
and  weakly  patches  on  spots  where  sand  occurs.  Their  proper  habi- 
tat is  a  beacn  or  shelf  of  indurated  rock  abraded  to  a  level  below  that 
of  the  ebb-tide,  sinking  at  its  outer  margin  into  deep  water,  and  with 
a  free  exposure  to  the  sea  so  as  to  be  constantly  scoured  by  the  waves. 
Such  shelves  seldom  preserve  all  these  conditions  up  to  the  land,  so 
that  there  is  generally  an  inner  apace  from  which  the  waves  retire  at 
ebb-tide.  It  is  still  moist,  full  of  small  pools,  and  dotted  with  ])ieces 
of  linng  coral,  but  the  continuous  coral-bedB  growing  luxuriantly  iu 

•  If  tlic  Strait  were  to  remain  perfectly  uudisturlicd  by  subterranean  forces, 
neitlier  undergoing  sulisidcncc  nor  elevation,  it  ii  olivious,  from  what  we  now  «co 
to  be  going  on,  that  tlicic  two  oiitagonist  powers,  water  and  tUe  coral-polyps, 
would,  in  the  eourse  of  time,  leave  the  Strait  without  any  vestige  of  land,  savs 
some  reefs  and  rings  covered  and  iihiehlcd  by  the  coral.  These  two  simple  anil 
ever-operating  agencies,  mechanical  and  organic,  ap^wur  suOirient  to  explain  the 
fact,  that  patches  of  laud  arc  found  over  vast  spaces  of  ocean  at  the  same  level. 
Let  the  present  condition  of  things  last  long  enough,  and  an  ugKregation  nf  moun- 
tain-groups,  like  that  of  the  Malay  Peninsula,  will  he  abraded,  hruken  into  islands 
and  coral-reefs,  until  island  after  island  is  worn  ilown  Iwneath  the  level  of  the  sen, 
those  only  remaining  at  that  level  in  which  the  conditions  for  the  continued  ex- 
istence ami  growth  of  coral  are  maintained  throiighoiii  the  process  of  degradation. 
In  endeavouring  to  follow  out  such  a  process  from  the  facts  presented  by  a  coral- 
line sea,  like  that  of  the  Straits  of  Singapore,  the  shores  where  coral  is  absent  arc 
as  iuslrnctive  as  those  where  it  is  present;  for  whatever  successive  changes  the 
configuration  and  disposition  of  the  land  may  undergo  in  the  progress  of  deunda. 
tion,  the  same  causes  will  continue  to  favour  and  oppose  coralline  growth  so  long 
as  wasting  shores  and  streams  of  fresh  water  esist.  The  process  would  accelerate 
as  it  advanced,  and  a  condition  of  things  aiiproxiuiating  to  that  of  the  archi- 
pelagoes in  the  open  ocean  be  reached,  in  which  both  the  mechanical  and  organic 
powen  are  grwter  than  iu  the  Streit  of  Sbgapore. 
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all  their  ranrty  of  rich  colours  end  hoautiriil  forms,  ginog  a 
pavemnnt  to  the  Bca,  arc  uot  foimd  until  this  space  is  passed. 

In  some  places  solid  )>c(L)  of  onlcan'oiis  conglomerate  are  formiBK 
on  the  beaches ;  and  ferniginoiis  conglomerates,  brcociss,  sod  aaiMV 
stones  arc  found  wherever  highly  ferraginoos  rocks  axjat  bdund 
sandy  shores. 


III.  Relation  op  the  Rocks  to  Animal   and  VenKTABLC 
LiPE;  AND  Tiir.iB  Economical  Uses, 

Although  the  soils  of  the  district  hare  not  the  fcrtilitr  of  the  vt)t< 
cnnic  and  cnlcnrcous  soils  which  occur  in  many  parts  of  tlie  lodiaa 
Archipt'la^o,  they  are  covered  with  an  iniiifrviinu^  vegetation  of  gfcat 
rigour  and  liixurinnee,  suppurting  iinniliors  of  animals  of  different 
species.  The  liilLs  of  [ilutouic  rock  support  deust'  and  contiuooaa 
forests,  comjK)sed  of  more  than  200  species  of  trees  *,  many  of  whidi 
arc  of  great  size.  So  long  as  the  iron  is  not  in  such  e^rc*^  tin  ta 
rccomposc  the  clay  into  stone,  or  render  it  hard,  tho»i-  .-h 

contain  most  iron  are  the  most  fertile.     The  purelv  nr  i  U 

spathic  are  the  worst.  But  even  felspathic  soils,  when  they  hare  m 
sufficient  jiroportiou  of  quartz,  are,  in  this  climate,  cai>ablc  of  pti^ 
ducing  an  abundant  vegetation, 

.\1though  it  is  obvious  to  every  observer  that  there  is  do  kind  ct 
soil  in  the  District  for  which  nature  has  not  providnl  pUnta  that 
flourish  lu.\uriantlT  in  it,  yet  it  must  not  1>c  hastily  coDcluiled,  aa 
some  have  done,  that  this  exuberant  vegetation  inilicates  a  gnkcnl 
fertihty  in  the  soil.  It  b  found,  uu  the  contrary,  when  the  iiattw 
plants  arc  destroyed,  aud  the  land  employed  for  agricxiltnre,  that 
there  are  very  few  soils  in  which  cultivated  plants  not  iiidigcnoaa  ts 
the  region,  but  whose  climatic  range  embraces  it,  will  flourah  span- 
taneously.  While  (he  cocoa-init,  betel-nut,  sago,  gomuti,  and  the  nn- 
merous  Malayan  fruits  succeed  well  with  little  rare,  the  nutmeg  and 
clove  are  stunted  and  almost  uuprodnetixe,  nnlcM  oooatantly  ai]li> 
vatcd  and  highly  manured  ;  yet  the  climate  is  perfectljr  addled  to 
them.  Place  them  iu  the  rare  spots  where  there  is  natonllj  a  fertfle 
soil,  or  en-ate  one  artificially,  and  their  produce  is  equal  to  that  of 
trees  in  the  Molucca  plantations.  With  rrqiect  to  the  imIigRiaaa 
plants,  gambier,  pepper,  and  all  the  fniit-trers  flourish  ou  the  pli^ 
tonic  hills,  jinnided  they  are  not  too  deficient  in  irao  aad 
The  hills  of  violet -coloured  slude,  where  they  arr  not  too 
equal  to  the  bent  plutonie  soils, — those,  namely,  in  which  there 
suilieient  jiroportion  of  hard  granolni  to  render  them  friaUe,  and 
sutficient  iron  to  render  them  highly  abaorptive  of  water  withlMtt  he. 
coming  plastic.  The  MuuUione  and  vert'  arvnaoeoas  ahak  wQa  aic 
the  wont.  Of  the  alluvial  soils,  the  cand,  partictllailj  whai  k  MM> 
tains  a  mixture  of  vegetable  mnt  i  :  iinUcd  sheili^  is  tb*  pnaer 

soil  of  the  coeua-nut,  and  the    \  rtinil  is  bnt  saitod  ta  tfaa 

MgO.    When  the  cuiiutry  bus  been  l>'  iongrr  dllilMd  nd  €■!• 

thrated,  the  latter  soil  will  htHMinie  a  ru  .  .at  pfeaol  il  J 
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where  too  wet  aud  soiir  to  make  a  fertile  soil.  Rice  is  grown  on 
some  patches  of  it.  The  blubh  sea-mud  contairvs  good  ingredients, 
but  clay  is  in  excess,  and  the  animal  matter  appears  to  assist  in  ren- 
dering it  hard  and  'intractable  when  it  is  not  saturated  with  water. 
Even  for  such  a  soil  nature  has  provided  plants  useful  to  man,  for  the 
betel-nut  aud  some  of  the  indigenous  fruit-trees  grow  well  in  it  with 
little  cultivation.  Although  there  are  cultivated  plants  adapted  for 
every  kind  of  soil  in  the  District,  and  it  has  indigenous  tribes  who 
can  live  exclusively  on  its  vams,  sugo,  fish,  and  wild  animals,  it  is 
incapable  of  feeding  a  population  of  the  more  civilized  races ;  and  the 
latter  must  always  be  dependent  on  other  countries  for  the  great 
necessar}'  of  life,  viz.  rice. 

The  rocks  which  are  used  for  economical  purposes  are  not  nume- 
rous. The  only  edible  one  is  the  fine  clay  called  ampo,  which  is 
made  into  thin  cakes,  smoked,  and  kept  for  use. 

The  plutonic  rocks,  and  the  Uidurated  sanilstones  and  conglome- 
rates, are  used  for  the  foundations  of  houses.  Lateritic  stones  are 
sometimes  used  by  the  Malays  as  pedestals  for  the  postal  on  which 
their  small  houses  rest.  Granite  is  used  for  steps,  milestones,  tomb- 
stones, &c.  Of  the  blue  alluvial  clays  the  bricks  and  tiles  are  made, 
of  which  the  town  of  Singapore  is  built.  The  tine  kaolin  which 
abounds  has  been  found  the  best  adapted  of  any  in  IntUa  tor  the  manu- 
facture of  porcelain,  but  no  manufactory  has  ever  been  estabUshed*. 

rV.  Traces  op  the  Geological  History  of  the  District. 

Having  thus  given  a  general  description  of  the  actual  constituents 
and  arrangement  of  the  rocks  of  the  district,  we  have  next  to  inquire 
whether  they  preser\c  any  evidences  of  its  past  geological  history, 
and  I  think  the  following  conclusions  may  be  safely  adopted. 

1.  Ceasing  for  a  moment  to  view  the  district  as  isolated,  it  is 
established  that  it  is  a  i)ortion  of  the  zone  of  elevation  extending  from 
the  Himalayas  (or  their  vicinity)  to  Banka,  or  rather  to  the  granite 
patch  in  Java  ;  approximately  parallel  to  the  plutonic  zones  of  Uur- 
mah,  Siiun,  Cambodia,  and  Anam,  which  seem  to  terminate  in  Borneo, 
and  surrounded  by  the  great  volcanic  banil  of  the  Indian  Archipelago, 
the  most  active  western  portion  of  which,  Sumatra,  is  senii-plutonic, 
and  is  parallel  and  adjacent  to  the  Malay  Peninsula ;  sejiarated  from 
it  only  by  the  broad  and  shallow  submarine  valley  of  the  Straits  of 
Malacca  t- 

2.  The  sedimentary  strata  of  the  district  were  deposited  prior  to 
the  elevation  of  the  Malay  Peniusida,  and  therefore  jirior,  probably, 
to  the  elevation  of  the  whole  south-eastern  region  of  Asia. 

3.  They  were  formed  from  the  abrasion  of  a  tract  composed 
chiefly  of  clays,  and  probably  partially  elevated  above  the  level  of  the 
sea,  or  at  least  so  near  its  surface  as  to  be  subject  to  strong  currents. 
These  a])pear  to  have  prevailed  along  some  of  its  wasting  shores  in 

*  See  Dr.  O'Shaugbnessy's  Report  of  Exi)eriineiit3  made  by  hiin  for  Govemnicnt. 
t  See  "  The  Physical  Geography  and  Geology  of  the  Malay  Peninsula,"  Jouni. 


Ind.  Arab,  vol  ii.  p.  8y-93. 


334 


rROCEEDIKOG  OF  THE  OEOMiaiCAI.  BOCTZTT.      [JmW  V, 


the  vicinity  of  Singnporc,  for  tlic  water-wurn  pirljlilrt  of  the  _ 
incratic  bctU  entirely  rcsoniblc,  in  their  VRrintilc  fite  and  oeaudond 
deficiency  of  abrasion,  the  gravel  at  prewnt  accumuUtiiig  in  the  vici- 
uity  of  the  sea-clii!°s.  The  mode  in  which  tliev  arc  dixpooetl  (botn 
that  they  were  from  time  to  time  tlrivcp  and  irregularly  heaped  hj 
violent  currents  or  waves. 

All  the  sedimentary  beds  of  the  district  form  one  uaie»  mceumo- 
lated  from  the  debris  of  the  same  rocks,  and  the  rr^on  underwent  no 
violent  uphea^'al  during  the  periotl  of  their  dcjKMiljnn.  This  i«  an 
inference  from  the  generally  imiforiii  mintrnl  c!i  l)«l»,-^ 

particidar  kinds  of  clay  or  shale  prevnilinjt  en  :  -Ue  coo- 

glomerate  layers,  wherever  they  renpi  ;  liu:  aiuxw  pecn- 

liar  clayey  matrix  and  the  same  prt'%  No  inttaim  of 

unconformable  stratification  1ms  Injeii  uliwr^i-d. 

The  ancient  Iniid  consisted  chiefly  of  two  rtirks ;  Itt,  a  filtr,  toogll, 
easily  frangible  clay,  of  which  the  prevailing  colour  was  a  dull  rialet ; 
2ud,  a  granite  composed  of  (]uiirtx,  chlorite,  white  frKimr.  and  a  fine 
silvery  talc,  the  last  sometinies  wanting,  and  all  the  i  i  appa- 
rently varying  greatly  in  their  reUtive  prD|iortions  ai  ...;. i  uUoea. 

The  first  rock,  reduced  tu  M-diment,  produo'd  the  Hliales  and  cIbt«  vt 
the  district,  aiul,  in  rolled  fruginents,  fumishcl  ■■  ■■■•''■■^■■i  of  tlte  peb- 
bles of  tlie  conglomerate!!.  The  second  rock.  (  --d  and  par- 
tially decom|>uaed,  produced  by  its  debris  the  gnut  nuik  of  the  am* 
glomerutes,  of  which  the  uintri.x  is  gi^nerally  quartl-craiiidea  mixed 
with  more  or  leas  of  chluritic  or  steatitie  <  '  niAbaad  jfd- 
lowish  hues.  It  also  furniahi-i)  n  lew  xhii-  li  chlorite  ia 
contained.  The  q<iartz-}M  i'  ui  someUma  of 
black  and  otlier  colours.  ».  thia  granite  alaa^ 
the  quartz  iu  some  sp  It  probablr  ex- 
isted likewise  iu  cou(<  <r  uisuw.  Tlw 
granite,  where  free  from  clilorid  pmcBtaof  qoaaCil, 
furnished  the  granules  of  the  r  tfaflH  nwj  Iwfla 
residtcd  from  a  more  thorough  decompo«itioti  ottlir  graaita^HMi  tlw 
washing  of  the  chlorite  and  felspar  to  a  liistancc  from  the  pheo ' 
the  saud  accumulated,  just  as  we  xt,  at  prtsent,  psriialty  ■ 
and  rolled  fragments  arrunmlating  in  the  vicinity  of 
the  more  finely  disintegrated  sand  carrictl  to  some 
mnlntcd  by  iiM-lf,  and  the  day  tuspewM  and  dcpontod  orws  hr 
wider  siirfucT,  extending  to  a  oonadmUe  djttanw. 

].  The  nx-ks  of  this  ancient  tract  dilTen-t!  frnro  iht  "■■■*'"g  pis- 
tonic  njcks  of  the  district,  and  the  Uttrr  srrre  not  in  riiiUiiin  it  the 
time  of  the  de[)osit  of  the  sediBicntuy  beds,  for  no  fligmiili  wi- 
bling  them  have  iKTn  fonnd  in  time  bed*,  and  nujr  of  tkamaks 
srliirh  most  abound  in  them  nowhere  esiat  in  the  pnMOt  plataaw 
rock*.     The  most  (X)uel(uive  fart  is  ttw  entire  absence  of  inaHMiAaA 

K hides  or  fragnumis  m  the  sedimentary  atrata.  The  tkmdmiCf  of 
■niginou*  walln  in  the  Utt<-r  and  in  the  daconpowd  nhiillhi  nafa^ 
aD<I  the  conxlnntly  recurring  layers  of  fcmwioous  nebcin  and  biochi 
in  t)>e  uiwlem  debris  on  tlte  surface  of  the  und  and  i3mm  Um  ahawa 
of  the  wasting  points  of  both  formations,  prove  that  wda  damd 
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from  their  decay  will  be  principally  cbarncterized  by  their  profusion 
of  such  pebbles  and  blocks. 

5.  The  upheaval  of  the  sedimeutary  rocks  was  in  general  attended 
■with  p;reat  violence,  as  is  shown  by  the  irregularity  in  the  strike  and 
dip  of  the  beds  in  numerous  circumscribed  locahtics,  and  the  hreakinp; 
up  and  mingling  of  those  in  Government  Hill,  &c.  Where  there  are 
most  evidences  of  violcnee,  there  is  the  greatest  development  of  iron 
or  quartz.  The  Une  of  disturbance,  for  instance,  which  goes  through 
Government  Hill,  and  is  contijmed  in  the  hill  south  of  it,  ending  in 
Tanjong  Malaug  or  fiatu,  is  marked  in  the  latter  by  iron-masked 
blocks  and  gravel  on  the  surface,  sandstone  indurated  imd  pen'adcd 
by  an  iron-honeycomb,  iron-manuuillatcd  crusts  on  the  sides  of  the 
beds,  &c.,  and  in  Government  llill  by  the  clayey  beds  adjacent  to 
the  disru])ted  sandstone  being  converted  into  the  typical  lateritc,  and 
by  the  sandstone  at  some  places  near  the  junction  being  broken  uito 
a  mass  of  small  fragments  recementcd  by  iron  and  clay*. 

6.  The  formation  and  intumescence  of  the  plutonic  rocks  of  the 
district  caused  this  upheaval,  and  gave  the  prevailing  direction  to  the 
stratification  and  to  the  ranges  of  hills,  this  direction  agreeing  with 
that  of  the  plntonic  zone  of  the  Peninsula. 

7.  The  partial  metamorphosis,  induration,  andy<Tri/^i7ia/»oii  of  the 
sedimentary  strata  were  effects  of  this  plutonic  action. 

8.  The  vast  abundance  of  iron  evolved  during  the  ]ilutonic  intu- 
mescence, and  rising  into  the  strata,  is  the  distinguishing  jiecuUarity 
of  the  Malayan  zone  of  elevation!,  and  its  wide-spread  eflccts  so 
strongly  strike  the  eye  that  the  other  changes  are  less  observed  ;  but 
the  latter  evince  even  more  decidedly  the  potency  and  (he  unity  of 
the  elevatory  agent,  and  are  particularly  worthy  of  attention  as  assi- 
milating that  agency  to  the  more  common  kinds  of  plutonic  meta- 
morphosis. The  soft  strata  in  some  places  have  been  converted  into 
Lydian  stone,  {>orcellanitc,  clay-slate,  hornblende  slate,  steatite,  and 
chert.  If  we  extend  our  observations  a  little  beyond  the  district,  we 
find  similar  changes  on  a  much  greater  scale.  Thus  the  enstcrn  coast 
of  Pulo  Krimun  Kichi  (Little  Carimon),  which  rises  only  eighteen 
iniles  to  the  west  of  the  last  of  our  sandstone  islets  in  that  direction, 
is  com|)0»ed  of  a  conglomerate  converted  into  the  hardest  chert.  In 
many  of  the  islands  in  the  China  Sea  oft'  Pahang  the  metamorphosed 
rockj)  ore  so  indistinguishable  from  greenstone,  that  we  can  only  recog> 
nise  them  as  sedimentary  by  the  presence  of  jwibbles  which  some  of 
them  contain.  In  I'ulo  Tioman  the  junction  of  granite  with  a  green, 
grey,  and  black  hornldendic  rock  is  well  displayed,  the  granite  sending 
veins  into  the  hornljlende,  and  masses  of  the  latter  being  sometimes 
imbedded  in  the  former,  clearly  proving  that  the  hornblende,  whether 
volcanic  or  (as  I  believe)  metauior]>hic,  is  tlie  more  ancient  rock. 

•  I  trust  to  be  able  pre  long  lo  give  a  full  account  of  the  mechanical  effects  of 
the  upheaval  iu  different  ]>arts  of  the  district. 

t  ISut  cumiuon  to  it  with  the  adjactjot  l>cl^juig^^[gi^lbc  snnn  tili.n'orm — 
that  of  S.B.  Aiia — and  the  approiiinateljjMiB^^^^^Hfc  '  ucbus 

Peninsula  of  SuulUeni  India.     Thii  ptoi^^^^^tKK^Kl:  ..>!,  the 

Malayan  belt  as  far  north  u  it  hat  been  f  '  "~'' '  I'l;  iN.W.  jiort  of 

AlutroUo. 
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9.  One  of  the  most  striking  cbaractcriistics  of  the  (li»trict  is  the 
protean  nature  of  the  plutonic  transformations,  remarkable  alike  is 
the  diversity  of  tlie  plutonic  rocks  themselves,  anil  in  the  ntamtoi 
degrees  and  kinds  of  change  which  the  plutonic  agency  ha.i  prodocfd 
on  the  strata.  There  are  considerable  tracts  in  which  the  granite 
undergoes  Uttle  variation,  but  which  differ  decidetUj  from  each  otlter. 
There  are  tracts  where  the  plutonic  rook  graduates  or  i>fts»r«  abnipUy 
from  large-grained  granite  to  the  most  tiuely  grainca,  or,  logins  iu 
quartz  and  mica,  passes  into  greenstone  or  into  compact  felspaihic  or 
horubleudic  rocks.  Amongst  the  sedimentary  rocks  we  find  that 
some,  near  the  line  of  junction  with  the  plutonic,  have  nierelv  Iwcome 
ferruginous,  while  other*,  apparently  distant  from  it,  have  become 
highly  indurated.  The  same  rwk,  completely  irnn-maxki-il  at  out 
place,  exhibits  no  change  whatever  a  few  feet  off.  We  liave  greo 
that  the  mechanical  action  to  which  the  stmla  have  been  labjcctcd 
participates  in  this  want  of  unitbrmity. 

10.  Is  the  explanation  of  this  character  of  tlic  diitrirt, — the  abmott 
of  all  other  sedimentary  formations  but  the  existing  limited  one,  the 
entire  disappearauce  of  the  aueient  rocks  which  eompiMrd  th«  district 
when  the  present  strata  were  being  formed,  and  the  moile  in  wtueb 
the  plutonic  exhalations  have  freely  riseit  through  the  latter, — to  lie 
found  in  the  circumstance  of  the  plutonic  action  baring  exteitded  (o 
the  surface  of  the  ancient  land  (whether  beneath  the  sea  or  not  ia 
another  question)  and  assimilated  it  nil,  excepting  n  thin  crust  of  tha 
newest  and  highest  bedu,  or  rather  bands  and  i  ■'  't  cTUlt, 
which  now  lie  s<'attered  over  the  gn-at  plutonic  :  nacalaf 
It  is  clear  that  granite  does  not  reqtiire  a  gn-ati  r  iireMUxe  J'i>r  it*  foc» 
matiou  than  the  so-cnlleil  volcanic  nx-kx  into  which  it  paaac*.  In 
Pulo  I'liin  and  other  localities,  we  see,  in  the  stanie  rtK'k,  at  one  pisBl 
a  jierfect  granite,  comi)ose«l  of  large  crystals  of  quarts,  feltpar,  flda^ 
and  hornblende,  and  nt  another  a  compact  or  Hnrlv  grannUr  gwu^ 
stone  or  basalt,  so  that  the  granitic  fonn  does  not  neressariir  dirpaid 
on  the  depth  at  which  cri°stallizntion  or  plutonic  metamorphum  takes 
place*. 

11.  At  the  time  of  the  upheaval  of  the  strata  they  were  new,  and 
had  neither  l)een  c<msolidated  bv  great  pres-nure  nor  indur-*  •  '  '  •■  -nr 
prior  plutonic  action.  MHien*  fliey  have  escaped  the  inf.  ■\te 
ferruginous  and  siliceous  exhnlatioiiii,  and  the  )  attmMr 
their  elevation,  the  more  nlnniinous  beds  are  -  ind  the 
arenaceous  slightly  cohennit  soud,  sometinn  --  m< 
the  iH-ds  of  clay  and  muuI  forming  along  tlh   ^) 

If  the  now  visible  plutonic  rtH'Vs  had  h, 
and  under  a  vast  e<pinl  pressure,  they  won  i 
in  tlieir  composition  anil  structure,  and  iu  their  acliuu  nn  lite  ii 

diately  suiH'riucumbent  strata.     They  would  ha»e  morr  sluwlrc 

down,  mid  the  adjacent  strata,  loiis  ex|MMed  to  the  beat,  WOOM  hlfVa 
acqiiin-d  a  certain  general  induration.  If  tlie  atrala  had  itlB  IwMl 
accumulated  over  the  plutonic  mass  to  a  great  thirkneM  when  the 
latter  ceased  to  reduce  them,  and  been  •uWqueotly  paitd  down  to 
•  SceaccoontortbarsekiofPaleCbia,  p.  23,TJraai.BaiOT.8ac.Art«aBiSe. 
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I  at  a  great  depth 
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their  present  remnant  by  denudation,  they  would  not  have  been 
broken  np  in  the  manner  in  whieli  we  see  them  to  be,  but  in  a  mode 
resembling  that  in  which  the  great  aqneous  formations  of  Europe  and 
America  are  arranged  around  or  on  the  flanks  of  plutoiiic  mountains, 
and  in  which  the  stratji  of  the  ancient  laud  may  jierhaps  yet  exist  in 
some  parts  of  the  Hanks  of  tlie  great  intumescence  or  submarine  ele- 
vation of  the  Malayan  Archipelago  where  it  rises  from  the  bottom  of 
the  Indian  Ocean. 

I'i.  The  [ircvnlent  layers  and  heaps  of  volcanic-like  gravel  were 
not  ejected.  They  are  merely  the  accumulated  debris  of  walls  and 
veins  arising  from  the  decom[)()sition  and  washing  away  of  the  softer 
parts  of  the  cniitaining  rock,  atul  remaining  by  virtue  of  their  ferru- 
ginous and  jaspideous  comiutsiliou,  which  resists  atmospherical  action. 

I  have  found  all  the  forms  of  the  gravel  iu  the  places  where  they 
were  generated, — that  is,  in  the  walls  traversing  the  soUd  or  partially 
disintegrated  rocks. 

13.  The  iron  was  not  injected  in  a  fluid  state  into  the  strata,  as 
lava  is  into  fissures,  but  was  either  imbibed,  or,  as  is  most  probable, 
conducted  by  vapours,  gases,  or  electric  currents.  The  ferruginous 
and  quartzo-ferruginous  rocks,  including  laterite,  wherever  minutely 
examuied,  prove  to  he  the  original  rock  of  the  situs  metaraoqihosed, 
and  nut  a  foreign  rock  injected  from  beneath  ;  and  there  are  evidences 
in  alt  clu-sses  of  the  rocks  «ff'ecte<l,  that  the  iron,  although  usceiuUng 
in  abiuidance  wherever  the  rocks  were  fissured  or  weakly  coherent, 
was  thence  transfused  without  its  exerting  any  ineehaiiical  force,  anil 
without  the  slightest  disturbance  of  the  previous  arrangement  of  the 
particles  of  the  rock*. 

1-1.  It  is  probalde  that  the  plutonic  rock  was  not  in  a  molten  state 
up  to  its  contact  with  the  strata,  because  if  it  had  been,  the  fissures, 
which  must  have  been  caused  by  the  irregular  force  exerted  on  the 
strata  and  their  fre((iieut  disruption,  would  in  that  case  liave  given 
rise  to  true  dykes  and  veins,  i.  e.  those  formed  by  fluid  plutonic  or 
volcanic  rock  being  [)resscd  nj)  into  rents. 

15.  Tlie  numerous  ferruginous  dykes  which  ramify  in  the  plutonic 
rocks  were  conteuiporaiieous,  because  if  we  suppose  them  to  have 
been  true  dykes  produced  sidjsequent  to  the  intumescence  and  con- 
solidation of  these  rocks,  the  enormous  force,  necessary  for  rending 
and  cracking  them  iu  so  many  directions,  would  have  extended  the 
fissures  into  the  superincumbent  strata,  and  the  injected  dykes  would 

•  The  entnuicc  of  ihe  iron  was,  however,  in  many  ct«e»  aimiiltaneous  with  me- 
ehatiical  !>trainin|^  ami  ru|iCurei>  of  l)ie  rocks,  and,  when  rising  abundantly  into  the 
main  wall&  and  furecd  tlirnce  iiUu  the  lateral  ones,  muat  have  exerted  considerable 
pretsure.  The  mechanical  straiiiiii);  and  tbe  exhalations  were  lioch  eifects  of  the 
same  cause,  the  plutonic  intuuie^ceiiee.  Tlie  only  ca!>e  which  I  have  observed  of 
a  direct  connection  between  tbe  matter  of  tbc  walls  and  a  mechanical  alteration 
in  the  adjacent  rock  it  seen  when  quartz  is  largely  developed  in  lumps  in  the 
quartzo-ferruginons  dykes.  Tbe  adjacent  unaltered  layers  are  pressed  together 
aud  bent  so  as  to  make  ro<ini  for  llie  ijuartz.  Even  here  I  do  not  think  this  is 
attributable  to  a  large  accession  of  new  matter,  but  mainly  to  the  expansion  of 
bulk  attending  tbe  conversion  of  tbe  siliceuus  particles  of  the  original  rock  into 
crystalline  quartz. 
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have  been  continued  into  these  strata  abo.     The  cuntenifHiranritr  vfi 
the  ferruginous  dykes  is  further  proved  by  the  iikkU*  in  wliich  thaf 
are  connected  with  the  adjacent  granite  in  locahtie^i,  muc-Ii  bs  the  rimt 
of  Batani  and  the  Water  Islands  near  Malacca*,  wherv  thtj  am  be  i 
evaniined  in  the  undecomposed  rock. 

If).  The  more  highly  ferruginous  part*  of  the  walls  in  the  pic 
and  sedimentary  rocks  are  identical  in  appearance,  the  propurtion  ( 
peroxide  of  iron  which  they  hold  iK'ing  so  great  a«  eutirely  to  dii 
the  original  rock.  The  peroxidation  of  the  iron  tend«  tu  oMifiiali 
all  traces  of  its  original  condition,  and  to  give  a  iniifomiity  of  •!tp(ct 
to  all  the  rocks  which  1  have  designated  as  iroM-mnskcdf,  so  that  wt 
shall  not  be  alile  to  sec  in  wliat  form  the  iron  exist.i  prior  to  the  e»« 
posure  of  the  rocks  to  atmospherical  intluences,  luitil  wr  hare  mndi 
deeper  sections  than  are  anywhere  exposed  at  present.  It  ia  o^ 
nous,  however,  tlmt  the  eil'ect  of  decom|>o»ilion  1ms  Ixvn  to  aat^ 
rate  the  water  in  the  rock  with  o\idi/ed  iron,  niid  ditfitsr  it  more  oat 
formly  through  the  areiuiceous  and  aluminous  matter  of  tbr  wslb,. 
If  the  oxidized  crust  of  the  iliittrjct,  which  prolwhly  drscroda  to  a 
considerable  depth,  were  pared  off,  the  peculiar  aspe<-t  and  atnieUHV 
of  the  iron-masked  rix^ks  would  dLiap|H-ur ;  the  deep  rusty,  dark  \ 
and  black  colours,  and  the  scorifunn,  vesiicular,  and  f'  ■■'--  -rr 
ture  of  the  walls  and  lateritic  [laiches,  which  now  »u  |m>v<  '  itmI 

the  attention,  would  be  nowhere  recugiiixed.  and  in  placf  m  mi'tn  «i 

•  MuUcrx,  inrliiiling  NAniii|{,  in  ill  it»  ma  ■  *' '     ■     .1  «iih  tha 

dUtrict  of  llir  Strait)  of  Sin);a|>ore.     All  tlir  |  >  fiiiliMtM 

tion,  &c.  which  wc  MT  hcrf  «re  llirre  rrpcolfil.  Suiia^  bj 

J.  K.  Ix>ean,  Etq.,  Journ.  Iml.  Arch,  (for  May  IS  I'M  ml.  iii.  p.  ix'i. 

t  "  The  interest  «hirh  the  iliMTituions  m|>r<-tinv  l.iirritr  harr  ^tea  to  Ital 

rook  teudi  to  invnt  it  with  umliie  ini|'  •■■rraftmum 

enii»iou»  have  |irnclnilril  all  n>cka  in>l  on  ma^ 

itonob,  grit^,  anit  c*on^lnmcratr*  it  at  wciurii.irKi  .i  «<  nun  un  ciat*,  maHl«  taA 

thain,  nllhioigh   the   Ultrr  only  prodncra  proprr  latrnte.     BvCB  lil  tha  <te*K 

[  latcrite  fjrni>te»  one  only  of  ti>hi»\  ilri-n .-.,  ^iti)  i..rii.,  .tt  ^Itfrai^M,     f^  ^ 

I  the  urif^n  of  ihrxr  rock»,  and  liffinitHM  I 

[  they  have  pnnentnl,  and  todui  'n<ki,|^ 

fpropoko,  avoiding  any  new  tectitmiU  Uitiut'ii,  l<i  irtm  lUmii 

I  rockiof  the  Inito-.Vubtralian  reiniin«.    Thit  Irrtn  will  inrludr  ilor| 

I  Siedly  fetTU|inaic<l  rock*,  u  lili-h, « iihout  baing  (ith«r  ce«(4«te|v  rplurtd  or  i 

I ■orphoaeit,  have  b«ea  eiihrr  m holly  dlKguiiad  or  partiaBy  altand  bjr  ten 

I  nunioiis,  which  have  w<..i-,i.,i  ii. ,,,  ,,,  ihcBaia,  ar><"i-' ■«''^>f<  them  tal 

.  and  icams,  orhavelicei'  iiportionK':  i<>t  artwdtyaca^ 

rated  by  flstures,  hut  ini'  <  •Ymerr  diu'  ne  aid**  <#  wlJcfc 

have  an  imprKrct  rohniuu.  or  having  a  cuoimoa  bunirr  i4  lairtmt  Atmtktj  aat 

iocreaKd  |iorn>ily,  cautnl  eiihrr  hy  interruptinnt  in  the  nri(tnal  il«poai*iga  of  Ite 

natter  of  the  nx-k.  or  '  >'-iptaat  ctw*a(«.     TW  I 

may  lie  aloo  rkicmlnl,  ]>■  linds  tn  whiab  the  if 

ration,  although  ooaval  m.;,.  k.n  ,;.|.u«<i  »>  >i,v  ■.•■>^f  coMiilaaaiauf  Iha  i 

icrvcd  toolMC«i««»  eoaoaalUMirtrMaatin«aiwaUMIII*fai«aiaa«lik*ia^ 

tbeinaelvr*.    These  badt  appear  to  have  bcea  MOMlfaBa  Itamd  kf  MfarttW 

layen  of  gravel,  \c.  Iwinr  prnneatcd  bjr  iroo-aohitioaa.     With  ihcaa  mmiti  mm  W 

confounded  the  hmad  bands  lying  over  and  heatde  lh<  heads  of  Imi  aiaatrJ  ^tf^is 

anil  whirh,  haviujt  lirrn  in  a  loote  fir  . .  ^'.ignastaiy  fttta  «  lb«  ttes  «^ 

the  pliitimic  i-niikhinii»  paueil  thrtiu'.; 


winaally  •oocioaa,  {amiaiaaieil  aMisioaimM^te.,  aa4  aralk«ifcf«  wmm  wlm. 
iwtority  km  wi^iit  todtM."  (Joani.AdatfiSo«iM]r(CUi!Mta).«dLsii.pL«iu 
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should  see  in  the  walls  of  the  sedimentary  njcks  the  ordinary  matter 
intermixed  with  pyrites  and  other  uuneroxidized  forms  of  iron-ore, 
and,  in  those  of  the  plutonic  rocks,  similar  forms  of  iron,  accompanied 
prohnbly  by  a  predoniinnnce  of  those  common  plutonic  minerals  in 
which  iron  is  a  large  ingredient,  owing  to  its  aceunudiitiou  there  at 
the  time  of  the  crvstallizatiou.  The  ready  decomposition  of  iron- 
pyrites  would  account  for  the  great  depth  to  whieii  tlie  walls  and 
veins  have  been  |>eroxidized. 

17.  It  is  of  great  importance  to  determine,  if  possible,  the  state 
in  which  the  iron  was  originally  deposited,  and  why  it  was  given  off 
so  nbimdaiitly  by  the  plutonic  iutumescence.  It  appears  probable 
that  it  was  volatilized  in  conibiiintiou  with  sulphur. 

Is  its  nhundance  owing  to  (he  ferruginous  character  of  the  old  land 
out  of  which  tlie  plutonic  rock  was  formed,  and  do  the  highly  hom- 
blcndic  portions  of  this  rock  indicate  a  more  than  orJiuarj'  previdence 
of  iron  in  their  parent  sedimentary  rock?  The  chocolate-coloured 
shalc-banil  would  probably  produce  siich  a  granite.  Sandstone  ap- 
pears along  the  western  boundary  between  the  granite  and  this  shale  ; 
but  near  the  present  .\rrack  Distillery  (33),  where  they  .ire  in  contact, 
the  granite  is  very  ferruginous,  decomposing  into  a  dark-red  soil,  aiid 
containing  half-decomposed  masses  approaching  to  irou-ore. 

l!^.  I  have  searched  for  the  continuation  of  the  ferruginous  walls 
of  the  sedimentary  rocks  into  the  plutonic  rocks.  Unfortunately  the 
line  of  junction  of  the  two  formations  has  not  anywhere  been  laid 
bare,  all  the  points  exposed  to  the  action  of  the  waves  being  exclu- 
sively of  the  one  or  the  other,  and  the  deep  superficial  bed  of  earth 
conceals  the  iindtcoinposed  rocks  iii  the  interior.  Last  year  a  cutting 
of  a  few  feet  at  a  point  (the  south  angle  of  Sri  Meuanti  uutmeg-plan- 
tation  at  the  jnnetioii  of  the  River  Valley  and  Tangliii  roads  (39)) 
where  the  formations  meet,  exposed  n  piortion  of  a  stratum  of  coarse- 
grained sandstone  lying  in  an  irregularly  convex  form  on  the  decom- 
posed plutonic  rock,  which  appears  to  have  been  syenite.  This  has 
covered  it  in  some  places,  and  probably  the  whole  or  the  greater  part 
of  the  mass  was  originally  imbedded  in  it.  The  surfaces  are  irregular 
and  uneven,  but  have  a  general  correspondence  with  the  plane  of  the 
bed.  It  varies  in  thickness,  having  in  some  places  4  or  5  feet  of 
well-preserved  saud--itone,  wliile  in  others  it  shows  only  patches  and 
ferruginous  plates  in  the  sycnitic  clay.  It  varies  from  a  fine  sand- 
stone to  a  coarse  grit,  and  sonic  parts  are  conglomeratic.  In  some 
places  it  has  been  converted  into  a  mass  of  hard  anil  difficultly  fran- 
gible iron-ore.  M'here  least  altered  the  rock  is  hard  but  brittle  ;  the 
granules  atui  pebbles  of  ipmrtz  are  nil  preserved,  hut  they  have  a  dull 
whitish  and  yellowish  colour,  and  rest  ui  a  basis  of  hydrous  peroxide 
of  iron,  varying  in  colour  from  dark-brown  to  black.  The  microscope 
shows  this  basis  to  be  not  compact  but  vesicular,  fine  scales  or  plates 
surrounding  the  (piartz-grannles  and  partly  filling  the  interstices  be- 
tween them.  Where  the  clay  meets  the  sandstone,  the  latter  has 
generally  a  continuous  crust  or  plate  of  shining,  black,  compact  ore. 
Irregular  systems  of  a  similar  crust  are  sometinips  seen  with  the  clay 
between  them.     At  other  places  the  whole  is  cellular,  and  a  perfect 
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laterite  is  produced.  Sometimes  this  gtructure  is  «eon  continued  froa 
the  iK'd  of  sandstone  into  the  clay,  wliere  tlie  fiTrugiiioiis  rainiticatioa 
and  blotches  become  softer  and  aiimit  of  being  cut  by  the  hoe. 

In  some  places  the  iron  has  not  pervaded  ttie  sandstone,  but  oalr 
penetrated  it  in  layers  or  veius.  In  these  caaea  it  has  dt>ihtegT»tcia 
into  a  soft  ferruginous  sand.  Where  the  iron  has  been  diifused  ths 
sandstone  is  undecomposable,  and  remains  hard  but  brittle.  Tliif 
locality  exhibits,  Ist,  solid,  compact,  shining  ore;  'ind,  cellular  ort 
tilled  viith  decomposed  syenite  ;  3rd,  variotuly  irou-nutskt-d  sontUtmi* 
and  grit. 

I  have  hitherto  proceeded  on  firm  ground,  but,  !n  exteaditig  thne 
deductions  much  further,  must  take  a  direction  where  many  may  iMit 
be  disposed  to  follow,  and  when>  we  cannot  yet  hujM!  tu  obtain  a  Mire 
footing.  I  venture,  however,  to  8Uj:gi'>t  as  hyuulhesM  dcaerrin^  of 
deeper  investigation  the  following  adJiliuiial  viewa  which  my  oboer- 
vations  strongly  tend  to  support. 

Whether  the  plutonic  rocks  are  simply  the  product  of  a  heat  ahtyre 
the  melting-point,  or  were  formed  at  a  lower  teiii|>erature  by  cbetnkal 
and  electrical  action  induced  by  the  heat,  the  M-diineuiary  ruck  ia 
contact  with  and  raised  upwards  by  them  must  bate  bixti  (lartiaUy 
reduced  into  the  ]>Iutouic  masn.  In  either  case,  the  upper  i>orti<)ii, 
at  least,  of  that  mass  is  a  reeoinposition  of  the  lower  part  of  llic  avtii- 
mentary  rock,  with  an  uldition  of  new  ingredient*  from  In-low  ;  be- 
cause, so  long  as  the  heat  was  so  intense  as  to  pro(hice  |irrfcct  inix- 
ture,  agitation,  and  motion  i/i/er  *e  of  the  reduerd  matter  anil  the 
plutonic  mass  into  which  it  entered,  the  upper  limit  of  ihv  bubtik 
must  still  have  been  distant.  So  long  as  this  level  was  not  reached, 
each  successive  portion  or  layer  of  the  sedimentary  n-tling  niiwt  h*n 
[lassed  through  similar  changes  before  it  became  obliterated  hj  con- 
plete  absorption  into  the  plutonic  intunirsernce,  —  first  breomillK 
affected  by  the  mechiuiical  ]>ressure,  and  then  by  the  iuerrosiiij;  Itral 
and  exhalntioiis  of  the  lalHiuriiig  mass  btluw.  Tlierrforr.  at  what- 
ever level  the  plutonic  forci-,  whatever  its  precise  nature  mav  havr 
been,  ceased  to  assimilate  the  superincumbenl  ruck,  this  rttcL,  to  ■ 
certain  distance  above  that  level,  muat  have  {msaed  ihruugh  the  same 
stages  of  altcrntiun,  exclusive  of  the  ultimate  one,  which  the  ttlutunic 
mass  in  contact  with  it  had  its«'lf  grmlnally  undeririiin'  WhsttTtr 
changes  we  can  now  observe  in  the  i  »4. 

jaceut  to  the  plutonic  bosses,  we  ma\  itm 

of  the  latter  commenced  in  the  same  muv  ;  aud  this  »«  may  <lo  wkll 
perfect  confidence,  when  we  find  that  the<e  cbanftea  are  mcq  cnrtt  m 
great  region.  If  these  jKistulates  >>c  well-founded,  the  pbaaannwaf 
the  district  of  the  SingafKire  Straits,  which  are  rrpeatrd  throaKlMMl 
the  whole  chain  of  the  Malay  Peninsula  and  its  proloRgatioa  to  ft«««lr^ 
and  Billitun,  disclose  to  us  this  fact,  that  the  conTcrtion  of  ihr  aedi- 
mentary  into  plutonic  rucks  began  with  their  beoi^  pertadcd,  ia 
fissures  and  lines  nf  inferior  cohesi(Hi,  with  ferruginoiu  cThalitJiMM. 
pr(Nluriug  ferruginous  wall*  and  veins. 

Since  in  the  now  solid  plutonir  mcks  we  find  ttmilBr  w«Rt  oul 
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veins,  the  presumption  is  that  these  are  the  same  walls  and  veins  by 
which  the  nietamorj)hisin  I'omnienccd.  This  is  a  simpler  theorj'  than 
that  which  woulci  rciiiiire  the  process  of  |>liitonic  assimilation,  as  it 
advanced,  to  have  tirst  obUterated  those  oriffinally  fonned,  and  then 
created  a  new  system  so  reniaritnbly  similar  to  the  oUl  one.  In  what 
way  could  stich  systems  of  ferruginous  walls  and  veius  have  been  pro- 
duced lie  iioro  in  a  plutoiiic  mass  thoroughly  melted  down  into  tmi- 
fonnity  ?  If  it  were  clearly  demonstrated  as  a  general  theory  that 
plutonic  rocks  are  congealed  from  a  state  of  fluidity,  it  might,  not- 
withstanding these  and  other  difficulties  attending  its  application  to 
the  rocks  of  the  district  *,  require  us  to  reject  the  simpler  tlieory 
which  these  rocks  inculcate.  Hut  plutonic  geology  is  in  too  imper- 
fect a  state  to  entitle  us  to  assume  any  general  theory  as  established, 
and  nothing  but  the  assumption  that  granite  is  necessarily,  every- 
where, a  product  of  complete  igneous  fusion,  re((uires  us  to  suppose 
that  two  successive  systems  of  ferruginous  walls  were  produced,  one 
at  the  commencement,  and  another  before  the  conclusion,  of  the  plu- 
tonic change. 

If  we  are  satisfied  to  suppose  that  oidy  one  system  was  produced, 
until  some  proof  be  adduced  tliat  it  could  not  piossibly  have  remained 
unobliterated  during  the  jdutonic  jirocess,  these  walls  and  veins  be- 
come objects  of  the  highest  interest  and  imjiortance,  and  all  the  pluc- 
Domcna  connected  with  them  demand  attention. 

1  shall  only  here  advert  to  one,  the  conceutrieally  laminar  colora- 
tion, frefpicntly  seen  on  a  small  scale,  aiul  so  splendidly  develojied  in 
Sabaru,  Jong,  and  Bnkuin.  The  very  same  zoned  euloratiou  is  ob- 
servable in  some  of  the  sections  cut  into  decomposed  ])lutonic  rock, 
such  as  that  where  the  public  road  crosses  Mr.  llcwetson's  Hill, 
where  similar  zones  exist  on  the  sides  of  a  ferruginous  dyke.  The 
neighbouring  solid  greenstone  possesses  the  same  structure  as  this 
decomposed  rock,  nests  of  hornblende,  corresponding  to  the  red 
patclies,  antl  hornblendic  lines,  often  very  minute,  to  the  cuned 
zones.  When  we  examine  the  great  developments  of  solid  plutonic 
rock,  we  find  that  they  ]iresent  similar  phieuomena.  The  granite  of 
Pulo  Ubin,  for  instance,  when  its  coherence  is  weakened  by  exposure 
to  the  action  of  the  sea,  exhibits  connected  systems  of  concentric  and 
variously  curved  lamiuic,  in  which  one  system  is  interrupted  and 
modified  by  another,  and  acconunodates  the  shape  of  its  curves  to 
it,  jireciscly  as  we  see  in  those  of  the  coloured  lines  of  the  sedi- 
mentary rocks. 

If  we  do  not  adopt  the  theory  of  the  necessity  of  granitic  fluidity, 
nwy  we  not  8up[inse  that,  as  the  plutonic  action  first  invaded  the 
8U[ierinrumbent  strata  in  the  ferruginous  walls  and  veins,  it  operated 
princijially  throngli  them  wherever  they  existed  ;  that  even  when 
complete  assimilation  took  place  they  still  remained,  however  modi- 

*  Before  I  had  ascertained  the  connexion  between  the  ferruginous  walls  in  the 
Be<liiueiitBry  and  tbobe  in  the  plutonic  rocks,  I  eudeavoured  to  explain  tlie  phivno- 
meiia  of  coinpusition  ami  stnu-liir''  prrsontcd  by  I'ulo  Ul)iu,  in  ncconlauoc  with 
Ihe  tlicon  of  eongclatiun.     Sec  llie  '  Rocks  of  Pulo  Ubin,'  loc.  cil.  pp.  26  to  40. 
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fied  *  ;  that  the  concentric  ferruginous  zones  to  which  they  (S«ve 
birth  determined  the  structure  of  the  ultimate  plutonic  rock,  aiia,  to 
a  certain  extent,  the  arrangement  of  homblendic  ajid  other  ferrugi* 
nous  minerals ;  and  were  jMrhaps  the  channels  by  which  aii  elM^ro- 
chemical  operation,  emiuinting  immediately  from  the  walU,  was  tnaili! 
to  pervade  all  the  adjacent  parts  of  the  rocks,  until  cryttaUisaU 
was  induced,  and  the  uu'tanior])hisra  was  complete  .' 

The  district,  considered  as  more  or  less  metamorpboaed,  esliihit*~ 
two  sets  of  phaMiomena,  one  where  the  ferruginous  walla  and  linatare 
the  principal  feature,  and  the  other  where  they  are  rare  or  abaent. 
In  the  first  case  the  plutouic  action  appean  to  have  extended  to  (treat 
distances  from  its  place  of  Adl  operation,  and  in  fact  to  hat  e  luiil  no 
limit  but  the  length  of  fissures  and  planes  of  di*i"ontinuity  tu  the 
superincumbent  rocks.  On  the  other  hand  it  has  often  iH'on  extremely 
weak,  hardly  extending  beyond  the  walls,  and  leaving  the  adjoinii^ 
rock  unaltered.  In  the  second  case  the  plutouic  action  apitcan  to 
have  from  the  first  pervaded  the  whole  mass  of  rock,  as  titr  as  it  opc^ 
rated,  and  to  have  produced  the  following  succession  of  rhaiigra, 
examples  of  all  which  occur  : — Ist.  Tlie  original  rock  is  ir'  ' — *  '  tn 
diflTerent  degrees  ;  2nd,  a  subcrystalline  texture  is  induct  <:  i- 

out  any  jierfect  crj-stals  being  generated  ;  .Srd,  crystals  ot  poniruiar 
minerals  begin  to  ap]>ear  in  this  ba^is  ;  4th,  the  »anic  proccM  b  eaa« 
tiinied  and  various  forms  of  crystalline  rock  are  produo-d,  the  gnuutie 
being  that  where  the  conditions  of  crv'stallixaticm  were  most  laiwir- 
able,  either  from  the  longer  continunnce  or  jrreater  intensity  of  the 
plutonic  action.  The  process  when  ]>rereded  by  the  fonnatina  of 
ferruginous  walls  is  the  same  in  effect,  as  these  merely  tend  to  drtrr- 
mine  the  mauner  in  which  the  iron  is  diffused,  the  linrs  where  otj- 
stalhzation  begins,  and  pnrticidar  minerals  are  Keneratrd.  the  atnic- 
ture  in  (he  mass  of  the  regenerated  rock,  and  tne  duttance  to  which 
the  plutouic  action,  iu  its  various  degrees  and  with  it*  rarious  result^ 
extends. 

It  is  evident  that  fusion  did  not  precede  rrystallizaciuti  in  the  pro- 
gress of  cliange  up  to  the  formation  of  the  highly  crvttaUine  par- 
iihyrics  of  Pnlo  Nanas,  South  Point,  and  many  places  ui  the  e«Mm 
ulands,  and  in  the  greenstones  and  other  highly  homblcndir  im?ks 
which  are  unduubtedl)  the  comuion  <Urk  shale  of  the  District  dia- 
giiised,  since  the  graduation  from  the  one  to  the  other  can  be  traced. 
On  the  other  hanu  there  is  no  din-ct  evidence  that  the  gruitic  tona 
was  preeedetl  by  fusion,  while  all  the  facts  we  Itave  bcra  OOOHtletia^ 
particidarly  the  generation  of  other  crystalline  forms  wkboM  Auion 
and  the  passnj[;e  of  these  forms  into  the  granitic,  tend  to  fkow  that 
it  may  In-  |)r<)<hie<-d  without  fusion.  Tne  tnith  prohabljr  b  that 
powerful  electro-chemical  action  can  produce  all  the  effectt  of  ctyilal- 

*  In  the  rourK  of  tlie  cryitalUtation  of  Uie  rock  thev  «cr»  fntmhij  tBawital 
Into  ore*  (if  imn  uher>!  ilir  inm  wat  to  MOMS.  In  kmt  waUa  and  pMU  tlmiOt, 
and  In  tlir  Uici  '  .- rcine«,  where  llw  ima  wia  toe  (kiair  difead  !•  (Mfc 

ntr  \>Ti>\tri  iir<  rwliK-e  a  piedominance  of  berBhkMi,  MaA  aiak  aa4 

nth.-  f-r 
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lization  from  fusion  *,  and  that  the  whole  scries  of  nether-formed 
rocks,  voleaiiic  and  ]jIutonie,  may  he  jirodueed  in  both  modes.  It  is 
probable  also  that  wherever  an  i-lei'tro-chemica)  action  is  so  intense  as 
to  generate  the  granitic  and  other  highly  crystalline  forms,  it  emanates 
from  a  lower  region  where  the  heat  is  so  great  as  to  cause  fluidity  f. 

Remarks  on  (he  aeeompanying  Geological  MapX. 

The  basis  is  the  Chart  made  from  the  Surveys  of  Mr.  Thomson 
and  Captain  Congalton,  jniblished  in  18-16.  The  rivers,  creeks,  and 
allux-ial  tracts  of  Singapore  I  have  added  from  later  and  unpublished 
surveys  by  Mr.  Thomson,  which  he  has  kindly  allowed  me  to  use  ; 
and  from  the  same  source  I  took  the  great  majority  of  the  additions 
and  corrections  of  the  names  of  localities.  The  insidation  of  Tan- 
jong  Surat  and  the  rough  outline  of  the  estuary  of  the  river  Johor 
above  it  are  merely  from  my  own  observations,  and  not  from  a  survey. 
The  coast  of  Batam  has  not  been  surveyed,  A  general  outline  with 
some  blanks  appears  on  the  published  chart.  These  blanks  and  the 
names  of  localities  §  I  have  filled  in  from  my  own  observation,  as  well 
as  the  names  of  islands  to  the  west  of  it  from  P.  Blakang  Padang  to 
P.  Kapal.  Tlie  Silat  Batu  Ilaji  I  copied  roughly  from  a  Dutch  chart. 
The  orthography  of  the  Malayan  names,  which  has  liitherto  varied 
greatly,  has  been  corrected  in  accordance  with  the  system  which  I 
have  lately  adopted  in  the  'Journal  of  the  Indian  Archipelago,' as  the 
most  simple,  unifunii,  and  accurate  which  occurred  to  me,  at\er  ^ving 
mucli  coiisidcratiou  to  the  subject. 

The  geological  colouring  is  entirely  from  my  own  observations,  with 
the  exception  of  Pulo  PisangH,  Gunong  Puliii^,  the  islets  to  the  N.W. 
of  the  Krirnnns  (Carinions),  a  few  places  on  the  coast  of  the  main- 
land ill  the  Silat  Tanibrau,  the  south  coast  of  the  S.E.  part  of  Johur 
from  Tanjoiig  Stajiah  to  Point  Romania,  the  islets  and  rocks  off  that 
Point,  and  the  coast  of  Bintang  with  the  islets  and  rocks  off  it,  all 
which  are  from  inforniatiou,  and  partly  from  specimens,  given  me  by 

•  In  Ibe  cn-stalliialion  of  a  molten  rock  the  same  electro-chemicat  action  may 
operate.  Tlic  process  most  be  greatly  similar  in  both  cases.  The  electro-chemical 
force  segregates  minerals  and  gives  a  symmetrical  structure  in  spite  of  the  solid 
form  of  the  rock  in  the  one  case,  anri  in  spite  of  its  fluid  form  in  the  other.  The 
solid  form  tends  to  keep  each  particle  of  the  mutter  of  the  rock  in  the  place  where 
it  has  been  deposited,  the  fluid  form  tendt  to  keep  them  all  mixed  np  indiscrimi- 
Ditely.  Tlie  electro-chemical  agencies  of  plulonic  regeneration  perform  their  office 
unshackled  by  cither  kiml  of  resistance. 

'f-  Fusion  is  perhaps  not  necessary  tu  account  farplutoiiic  intumescence  and  the 
consequent  elevation,  rupture,  anil  inclination  of  aujierincumhent  strata.  If  gra- 
nitic crystallization  is  always  attended  nith  expansion  (see  the  "  Rocks  of  P.  Ubin," 
L  e.  p.  3M),  the  amount  in  a  vast  plutonie  mass  like  that  of  tlie  Hindu-Chinese  and 
Malayan  IVnintulas,  Sumatra,  and  Uomeo,  uith  all  the  inequalities  of  degree  to 
which  the  process  is  evidently  subject,  might  he  sufficient  to  account  for  the  con- 
dition in  which  the  scdimentar)'  remnants  are  now  found  resting  on  it. 

X  The  lithographed  Map,  PI.  XVIII.,  is  reduced  from  the  original  map  coloured 
by  the  Author. 

5  Pew  names  except  those  referred  to  in  the  paper  appear  in  the  reduced  map. 

II  See  p.  318,  note.     Not  included  in  the  accompanying  Map. 

«g  G.  Pulai  (2152  feet  high)  lies  N.W.  by  W.  of  S.'Sakodai,  beyond  the  limits 
of  the  map.     It  forms  part  of  a  tract  of  "  Crystalline  rocka"  runuiug  N.W.-S,E. 
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Mr.  Thomson.  Long  Island  to  the  south  of  Bam  Island  I  Imre  not 
▼isited.  It  is  describfd  in  an  account  of  a  vovaf>e  round  Singapore 
(by  Mr.  Crawfurd,  I  think  ;  long  apj  puhlisdrd  in  the  '  Siugs|i<ire 
Chronicle  ')  ns  sandstone  and  clay-slate. 

The  allunal  valleys,  running  into  Singa|)orc  Plain  from  the  N.W., 
have  been  laid  down  with  much  care  ;  and,  as  Mr.  Thomson  is  well 
ac([viBinted  with  the  );ruund,  they  may  he  relied  on  as  aecuratr.  Tboa* 
at  the  hack  of  the  island  arc  also  correct,  bat  the  exact  outlines  of 
the  bases  of  the  hills  have  not  been  laid  down,  no  land-survey  luvtOK 
yet  been  mndk  of  that  part  of  the  island,  and  deiu*  mangrove  fUm 
other  jungles  generally  concealing  the  outlines. 

Coral-reefs  fringe  the  south-western  shores  of  Singapore  Island  and 
tlie  shores  of  the  islands  to  the  south,  the  northern  coaxt;)  of  Batam, 
with  the  adjacent  islands,  and  a  group  of  small  l<lands  in  Tdo'  SabooK. 
Isolated  patches  of  coral  occur  also  on  the  enstcni  ctxists  of  Singi^tocv. 


Explanation  of  Geographical  Affixe*  uted  in  the  Memoir  and  Map. 

Suiige  or  SuiigCi,  river,  ttream. 
STlat,  strait. 
Tdo',  hay. 
Tana,  lam/. 


Guiiong,  mountain. 
Bnkit,  hill. 

Pennatiitig,  a  lunt/  rleration. 
busong,  a  spit  of  aand. 


Tanjong,  promontory 

Puh'iii  ( Pulo),  uXand. 

Malaug,  rock  aboee  water. 

Batu,  atunr,  rock. 

Padaui;,  plaiH. 

Kauiftong,  a  collection  of  ko»»t%, 

.\yer,  water,  stream. 

Paya,  marsh. 


[A  few  small  sections  of  the  rock*  of  Singapore  and  the  nrigb. 
bouring  isUuids  arc  given  in  Jouni.  lud.  .\rchip.  vol.  i  .  r». 

tion  of  Col.  Low's  "  Notes  on  tlie  Geological  Feature*  of  ^l  i  ^  >  -         '  ] 
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Atheuteum  Journal,  April  to  June. 

Bordeaux,  Societe  Liuu&une  de,  Actes.      Tome  xvi.   Deux.  Serie, 
liv.  5  and'6. 

British  Association,  Report  of  the  Twentieth  Meeting  held  at  Edin- 
burgh in  July  and  August  1850. 

Calcutta  Public  Library,  Report  for  1850. 

Chemical  Society,  Quarterly  Journal.     No.  13. 

Cotswold  Naturalists'  Club,  Proceedings,  1850.     From  Ret.  P.  B. 

Brodie,  F.G.S. 
Dijon,  Academic  des  Sciences  de,  M^moires,  Ann^  imy. 

France,  Society  Gdologique  de  la.  Bulletin.     Deux.  S^rie,  tome  vii. 
f.  39-51,  and  tome  viii.  f.  1-9. 
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Irish  Academy  (Royal),  Proceedings.     Vol.  iv. 
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M'Clelland.  Report  of  the  Geological  Survey  of  India  for  the  Season 
of  1848-49.  Frotn  the  Directors  of  the  Hon.  East  India 
Company. 

Maury,  Lt.  M.  F.     On  the  probiiljle  relation  between  Magnetism 

and  the  Circulation  of  the  Atmosphere. 

Observations  made  at  the  Magnetical  ajid  Meteorological  Observatory 
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of  the  Hon.  East  India  Company. 
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te,  Loeell,     Conchologiti  Iconic.    Mon<^i«plia  ttf  the  <imc 
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On  the  Dutrihntion  of  the  Flint  Drift  nf  the  South-east  or 
England,  on  the  Flanks  q/"  Me  Weald,  auil  over  the  Surface 
of  the  South  anJ  North  Downs.     By  Sir  Rodkrick  Impey 

SMuRCHisoN.  G.C.St.S.,   F.R.8.   G.S.   L.S.,   Hon.  Mem.  ItS. 
Edinburgh.  II. I.  Ac,  Mem.  Imp.  Ac.  8c,  St.  Petcrsburgh,  Corr. 
Mem.  Ac.  France,  Berlin,  Turin,  Copenhagen,  &c.  &c.,  and  Presi- 
[For  tb 


Read  May  14,  1851, 
[For  the  other  Cummunication  read  at  tbu  evening  Meeting,  vide  lupra,  p.  257.] 


Contents. 

r>cnudntiim  of  the  Central  Region  of  the  Wealilen,  p.  350. 

Uistrilmtion  of  the  Flint  Drift  over  the  Surface  of  the  Weald  Clay,  Lower  Green- 
sand,  &c.  in  Hampshire  and  Sussex,  p.  351. 

Anticlinal  in  the  South  Uowns,  p.  359. 

Detritus  on  the"Side6  of  the  Transverse  Valleys,  p.  360. 

Drift  on  the  Southern  Slope  of  the  South  Downs,  p.  362. 

Extension  of  the  Angular  Drift  along  the  South  Downs  westward,  p.  370. 

Round  Tertiar)'  Shingle  on  the  South  Downs,  p.  372. 

Detritus  of  the  Hampshire  Chalk-range  aud  of  the  North  Downs,  as  distributed 
towards  the  Weald  aud  over  the  Tertiary  Deposits,  p,  373, 

Drift  at  Dover  and  Folkestone,  p.  384. 

Generalization  of  the  Wcalden  Drift  Phienomena,  p.  387. 

Generalization  of  British  and  Foreign  Drift  fhienomena,  p.  390. 

Postacript,  p.  395. 

Although  the  tract  about  to  be  noticed  Ions  for  many  years  tneen 
tuider  the  consideration  of  geologists  who  have  well  explained  the 
structure  of  its  rocks,  and  the  jihysical  dislocations  by  which  they  have 
been  affected,  the  points  to  which  1  invite  attention  in  the  title  of 
VOL.  VII. — part  I..'  2  c 
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tins  Memoir  ih.'c-iu  to  me  (u  rvcjuirc  macll 
Ulu^tration  ihaii  tlii-y  havi-  rM«i»wl.  Soo*^ 
far(»  nut  li&viog  Weu  uuttiYtl,  and  otbci* 
sufficiently  iusiste«l  ti\wa,  I  ho]w  to  show,  I 
if  wp  cannot  yet  Mtisractorily  •rcoaiit  for  all  tbr 
external  apposraiicc-s  of  a  country  ao  near  to 
our  motru[)oli!<,  we  may  at  alt  cTc^ta  aifielT 
withtiold  our  assent  to  sonic  of  thr  tbriMvU- 
cnt  views  which  have  been  cniployril  to  rspJaiB 
the  modiiic.itiiins  of  its  (nithues  ami  tlie  «fi»- 
triljution  of  its  siipcrlieiAl  eovering.  Al  iW 
same  time  1  am  quite  aware  that  my  ob*ert»- 
tions  are  far  fn)m  bciu);  <iim|>lete,  ei  m  ia  re- 
ference to  Uiis  liiiiiteii  area,  and  '  'i&it 
them,  as  well  as  my  Iheurvtical  t:  -  ■•riu 
to  elicit  further  in()uiry  ami  Jiacniwniii 

DmiiridlioH  of  the  Vrntral  Rtfiom  ^  Ue 
WVaWf/i.— That  the  Weald  of  Kent,  Swrn, 
and  Sussex,  being  a  valley  of  ctrraticai,  hm 
also,  like  most  such  masses,  b«<en  puwofUr 
drnndrd  of  overling  rockji  that  omr  rrirtcit 
in  it,  WHS  long  ago  suggcsti-d  ;  bat  tbr  rxtot 
to  which  nortions  of  its  surface,  lying  ' 
the  eentrnl  nucleus  and  the  chalk- 
still  retain  trans{i<)rted  matrriaU  npoo 
has  nut  been  adetjuately  stated.  Let  ■■  fnl 
•cmtinize  tin-  nature  of  thr  bniken  and  aop*^ 
ficiai  iimterinU  which  overlie  the  fomatadM 
wliose  fneeii  ur  etlgrs  have  In-en  exposrd.  ml 
tev  wlielher  there  be  drifted  niatttr  within  iW 
Weald  similar  to  that  wliich  has  trarvnrd  tW 
EOrgca  iu  the  subtending'  ridv'vs  uf  chalk.  Mil 
lias  Itecn  ao  largely  spri-ad  out  on  the  oaM 
slopes  of  the  South  and  North  t)owiu. 

Viewed  on  a  KTonud-iilau,  the  Wcaldcn  o(  iiti 
South-ea»t  of  bnglaud  and  the  iSoulotoHUi,  m 
surrounded  by  the  Chalk  and  th«  jtNtaacr  «r 
tertiary  deposits,  consisu  of  •  VKcemSan  it 
Flli|tses  within  ellipses,  eoippOMd  of  •tntaawf- 
ressively  overlnppmg  one  another.  TbciaHt^ 
Dio*t  inau  of  these,  or  the  sandslatm  umI  dm 
uf  Hastin);s,  is,  na  far  as  1  klMW,  dnroMl  •'' 
traiis|Mirt('(t  mailer  on  its  sar&ee  (hw  fi^ 
No  detritus  uf  chalk-flints,  nor  aiiy  drift  whici 
oiay  liAvc  been  c«rned  frum  thr  hi^chrr  MV^ 
^ll  '  v<  bocn  fimdrul  oa  tW 

*!' :  vtUrTB  which  ■»■ 

tain  (u  (lie  really  <  U>ai^  dfsiMalM  th( 

Fon-it  Itiil^  b>  Slid  whidi  niiaA 

from  ilrighiliiig  Down  and  Cnrwlwuiigh  B<* 
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con  on  the  west  to  the  sea  at  Hastings  and  WincheUea.  Admirable 
exanijilt's  of  the  clean  denudation  of  this  central  tract  arc  seen  at 
Tuiibriilge  Wells  and  Hastings,  where  the  hare  sandstone  stands  out 
in  picturesque  forms.  The  valleys  of  this  central  repion  do,  indeed, 
occasionally  present  local  accumulations  of  re-ogpregated  clavorloam 
which  has  been  derived  from  the  contiguous  hills  ;  hut  in  these  we 
see  no  signs  of  a  powerful  former  ilritling  agency,  by  which  frag- 
ments of  rocks  foreign  to  the  locality  have  been  transported  to  it. 
Nor  can  I  hear  that  these  purely  loca!  surface-deposits  have  atforded 
any  examples  of  the  large  extinct  quadnipeds,  whose  relics  will  be 
presently  adverted  to  as  being  distributed  at  intervals  over  the  ad- 
jacent and  overlying  formations.  This  coincidence  of  the  absence  of 
transported  debris  ("terrain  de  transport")  and  also  of  the  reuiains 
of  the  great  fossil  mammals  in  the  central  dome  is  then  the  first  point 
t«  which  I  call  attention.  It  is  the  more  remarkable,  because  in  some 
of  the  above-mentioned  depressions  there  are  thick  supertieial  accu- 
mulations of  clay  and  brick-earth,  beneath  which,  at  a  depth  of  several 
feet,  stumps  and  stems  of  black  oak  are  found,  both  in  vertical  anil 
horizontal  positions,  just  as  on  the  surface  of  the  surrounding  forma- 
tion of  Weald  Clay,  hereafter  to  be  noticed,  but  where,  in  additiou, 
there  are  heaps  of  drifted  chalk-flints  or  other  rocks,  together  with 
these  bones  of  extinct  animals. 

When,  however,  the  observer  moves  westwards  for  alwuf  fifty-five 
miles,  from  the  environs  of  Winchelsea  to  those  of  Uillingshurst,  he 
sees  something  approachuig  to  the  character  of  drift  upon  the  surface 
of  the  central  dome.  But  even  there,  where  the  equivalents  of  the 
Hastings  group  occupy  low  undulations,  and  are  thiiuiing  out  to  on 
apex,  the  only  superficial  covering  which  distinguishes  them  is  a 
loam,  that  here  and  there  contains  lumps  of  a  bog-iron-ore,  provin- 
cially  called  'Rag'*.  This  rock,  which  occurs  in  the  ploughed 
fields  or  alinig  the  banks  of  the  Arun  and  its  tributaries,  is  an  ad- 
mixture of  very  rich  mottled  ironstone  with  lo>in\,  the  former  in  a  cou- 
cretionarv'  and  senii-brecciatcd  form.  It  is  difficult  to  say  whether 
the  ferruginous  jwrtions  of  this  rock  have  been  at  all  transported,  or 
whether  they  are  not  local  accumulations  of  bog-iron-ore  formed  in 
an  ancient  period,  out  of  the  subjacent  bands  of  iron-stone,  and  before 
the  Wealdcn  was  finally  desiccated  and  its  rivers  reduced  to  their 
present  limits. 

Distribution  (if  the  Flint  Drift  over  the  surface  of  the  Weald  Clay, 
Lower  Greeiuiaml,  ^*c.  in  Iliimpuhire  and  Suttex. — When  we  quit, 
however,  the  nucleus  of  the  Weald  and  advance  from  it  either  to  the 
south  or  north,  there  are  many  localities  in  which  heaps  of  flint-drift 
are  i'ouud  upon  the  eroded  surface  of  the  Weald  C'lav  and  Lower  Green- 
Band,  lliis  fact  is  the  more  striking,  because,  although  a  spread  of 
flints  will  be  8]>oken  of  as  occurring  at  rare  intervals  on  the  Gault,  the 
surface  both  of  that  and  of  the  Upper  Urcensaud  and  Lower  Chalk, 

*  My  attention  was  first  called  to  Iblii  '  itog'  liy  Sir  llenr}'  Goring,  Hurl.,  o» 
wliote  properly  near  liillingaliiint  it  it  pretty  copious,  and  was  funuerly,  as  Mr. 
Martin  of  Pulttoniiigh  Iclls  me,  worked  for  iinclting  into  iron,  l)y  which  proeeu 
vast  (piautiliit,  of  it  have  disappeared. 
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which  he  between  the  Lower  Greensand  niid  the  Chalk  with 
is  for  the  most  part  exempt  from  such  ilchrij.  This  uootr 
therefore,  of  broken  flints  of  the  Up[>or  Clialk  scattered  at  dirtMiwrf 
two  to  four  miles  from  the  escarpments  of  the  South  and  North  IVnnB 
(including  the  HBm|)shire  or  Selborne  range  in  the  latter)  itrada  ■* 
to  speak  of  it  as  having  l)een  chiefly  distributed  in  a  xooe,  lyinc  h»- 
tweeu  the  chalk-escarpments  of  the  South  and  North  Downs  tma  tlw 
central  dome  of  the  Wealdeii. 

The  features  of  this  drifl  will  be  first  described  as  thcr  occw 
under  the  western  end  of  the  escarpments  of  tbe  South  and  North 
Downs,  in  a  district  long  familiar  to  me*.  There  I  had  been  «dl 
8C(|uainted,  for  many  years,  with  the  existence  of  piles  of  sfasralf 
fractured  chalk-flints  on  the  slo])es  of  Lower  Greensand,  cir  CUaig 
eroded  cavities  on  the  summits  of  the  hills  of  that  foniiotiao  W 
twcen  Petersfield,  Steep,  and  Sheet,  nnd  which  extend  by  WestBcilk 
and  Rogute  to  Trotton  and  Midhurst  Commons  on  the  raal.  As  thai 
band  of  sandstone  is  slightly  coherent  only,  it  dL>iutii;ratea  to  kM« 
sand  chiefly  of  ferruginous  or  whitisli  colours,  on  wltich,  and  in  iW 
deeply  eroded  cavities  of  its  surface,  the  flints  are  irregularly  pikd 
up,  at  altitudes  varying  from  50  to  3()U  feel  above  the  draiiiaf^  w  tW 
little  river  Uother  and  its  aflluents,  and  void  of  otiy  loga*  whalcfW 
of  stratiflcatioii.  Such  flint-drit^  may  indeed  be  traced  in  •  am 
from  Stroud  Cotmnon  on  the  west  by  the  low  hills  north  of  F(10» 
fleldf  to  its  greatest  altitude  un  (he  edge  of  the  MCaqimcnt  of  the 
Ix)wer  Ureen^ud  overhangiug  the  southern  side  of  the  mnarioUt 
depression  called  Ilarting  Cotnbe.  There  the  same  debris  " 
partially  carried  to  the  southern  side  only  of  the  ansU  of 
Clay  X  which  is  there  denuded.  The  coiuideratioD  of  tnii 
be  resumi-d  in  the  secpiel. 

In  the  meantime,  the  accomjianying  woodcuts  (fig*.  2  &  3)  n8 
serve  to  expUiin  the  relations  which  this  flint-ilrift  (x)  be«rs  to  the 
Cbalk-hilla  on  the  north  and  south  (r),  and  tu  the  infi-rii  r  fim 
of  Upper  GrecnsBud,  Gault,  Lower  Grecusonil,  and  ^^ 

e,/,  !/),  OS  they  are  exfjosed  in  the  extreme  apex  of  tin a 

nndatiun  near  I'ctersfleld.  In  fig.  'J  the  s]K-ctatur  Li  sup|iiMnl  to 
looking  westwarils  from  the  west  of  Petersfield,  where  the  chalk  of  thr 
Xorth  and  South  Downs  is  seen  to  be  confluent  near  Eoat  Mean.  I 
will  presently  endeavour  to  show  that  it  is  from  this  western  ih.y»t» 
siun  and  fracture  u(  the  (.'halk  that  the  fliuts  spread  OTW  the  sonher 
of  the  Lower  Greensand  must  have  been  derived;  atcinc  that  the* 
con  W  contiuuously  traced  up  to  it.  On  the  other  hand,  the  ^fiili-rit 
strata  of  Gauh,  Upper  Grt-eu»an<l  or  .Malm  Ilock,  and  Lowrr  Chalk 

*  Srr  Memoir  cm  Ptrii  of  Surrey,  Sukirs,  and  llantji,  Traat.  CeoL  8«fc  %sL  & 
N.S.  |>.  '.*7  ft  (ry.,  Slid  Map  anil  Scciion.  I'l.  MS. 

t  Tlir  ti>|i  uf  the  tow rr  of  ivtrnndil  I'hurcli  «•*  Ak«l  b;  Iha  (Maaaa*  tm^ 
nyan  U>  be  2&4  fiwt  alwvr  tlir  mran  liilr-leYci  of  Ihe  N^  1*4  I  miUmtm  (ka 
(umrnit  a(  Rogitc  Coniiuun  »  invbabit  itiO  fret  hudar. 

t  lu  aty  |iiiblithed  map.  Tram.  Geo).  Soc.  N.  S.  vxd.  IL  PL  XIV.,  aMd  ia  il 
the  nia|n  wbu'b  have  fallowt<l.  the  iiiitK*  of  lUftiag  Combt  ia 
WeaU.«Ujr  only :  bui  I  havr  little  doubt  thai  tf  latanl  aacawii— 
Atherilald'lfJ*  with  Neoconiian  fouUa  aouM  alw  he  Iaaa4  tlMK: 
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(e,  d,  &  e)  being  free  from  such  debris,  it  is  a  natural  infcrmop  that 
t!ie  flint-drift  has  not  jmsscd  from  the  subtending  chalk-escarpmcnU. 
Near  I'etersfield  chalk-flints  alone  constitute  this  detritus ;  bat  in 
moving  eastwards  to  Rogate  and  Trotton  we  find  that  portioiM  rf 
hard  ironstone,  the  clinkers  or  car-stone  of  the  Lower  Greenaaiul,  ■■ 
well  as  chert  of  that  formation,  are  added  to  the  mass.  In  the  mri- 
rons  of  Trotton,  Midhurst,  and  Petworth,  where  the  formation  ha* 
expanded,  clinkers  and  chert  arc  indeed  near  at  hand,  in  aitu,  (run 
whence  the  additional  materials  could  have  been  derived. 

In  recently  extending  my  researches  eastwar<l»  t<»  the  distrirt  aroand 
Pulhorotigli,  »mder  the  guidance  of  my  friend  Mr.  .Martin,  who  has 
80  ality  illustrated  the  physical  structure  and  dislocations  of  the  racks 
around  his  residence  *,  he  pointetl  out  to  me  how  the  detritus  of  the 
I^ower  Greensand  was  often  arranged  in  Ejist  and  A^'est  rid|^(locanj 
termed  '  rigs '),  which  lie  indifTerentlv  upon  various  stnUa,  often  m- 
tennixed  with  angidar  chalk-tlints  and  some  chert.  As  in  th»  nad- 
hills  near  Petersfield  and  at  West  Heath  and  Rogate  Common  (fig.  3), 
the  detritus  around  Pulborough  is  distributed  at  various  tltttadei; 
and  is  everywhere  invstratified. 

In  going  eastwardis  I'rom  the  drainage  of  the  Amn  to  that  of  th* 
Adur,  the  lower  grounds  occupied  by  the  Weald  Clay  art  wtn  to  rat 
into  eminences  on  either  side  of  t]w  high-road  from  lionhaai  to 
Worthing,  and  it  is  jnst  uiKin  the  *loj)es  or  summits  of  these  rlert. 
tions  between  West  Grinstead  and  .\iihington  that  Mr.  Martin  pouitcd 
nut  to  me  irregular  heaps  of  sihattered  cbalk-tlints  more  ttr  Irss 
angidar,  which  are  mixed  up  with  pieces  of  the  ironstone,  or  "cUnkew," 
of  the  Lower  Greensand  and  some  chert  of  that  formation.  Thnt 
fragments  ore  disseminated  through  re-aggregated  loam,  and  hrrraad 
there  they  combine  to  form  rocky  lumps  of  "  ragstone,"  ur  •  ooo- 
ponnd  breccia. 

It  is  curious  to  observe  how  the  chalk-fliuts,  which  have  bem  hr 
HO  many  ages  deposited  upon  formations  ipiite  foreign  to  them,  have 
partaken  of  the  colours  characterizing  those  strata.  Thus,  whfltk 
»u  the  white  sands  of  Trotton  Common  miMt  of  the  flints  are  oUmv 
white  or  grey,  those  which  have  been  long  buried  amid  suri]M:e<hea|M 
of  ferrugirious  sand  around  Petersfield,  Uogate,  and  Pnlboroogb  hnt 
become  ochreous  or  yellow,  whilst  some  of  those  which  ha»«  hen 
arrested  in  the  Wealden  clays  between  Ashingtonand  West  (>rii>*t««<l 
have  passed  into  various  shades  of  deep  red  ami  puqilc,  ei)loiirs  «hidi 
penetrate  the  whole  mass,  and  arc  iloubtlcss  due  to  the  moilrf 
priMlnce<l  by  the  infiltration  of  water  charged  with  the  ores  of  i 

In  following  this  irregular  band  of  drit\  eastwanU  until  wr  < 
the  sea,  chalk-flints  are  found  at  intervals  only  u|><m  it  ;  but 
range  fro'm  West  Grinstead  and  .\shiiigton  on  Inc  west,  to  thc« 
north  of  East  Bourn,  it  is  more  sjH-cially  distingnishetl  bv  a 
less  copious  admixture  of  luain,  by  which  the  cold  and  stmlet' 

*  One  of  Ihne  mrninin  wu  iinliicLiI)  mUUitl  for  •  loajt  lim«  al  Um  (m 
Sofielj,  owing  Ia  which  •onir  g«"xl  iing>n«l  iilitvrraliont »«»  \o>/L    8«« 
Memoir  on  ■  |iart  of  Wrtilrrn  Simtrt,  IS'^H.  and  OhMtrvatimM  oa  tke 
tjnrof  ihr  l.tin(liin  tn<l  ilani|<ihirc   llt*in<,  Pliil.  Sltf.  1933, 


MURCntSON — FLINT  DRIFT  OF  S.E.  ENGLAND. 


333 


of  the  subjacent  day  is  neutralized.     Good  crops  of  com  are  thus 

visible  (iloug  this  argillaceous  zone,  which  otherwise  would  be  occu- 
pied by  oaks  ouly,  or  by  weak  grass.  To  the  north  of  Lewes  the 
drift-zone  ia  specially  marked  in  the  parish  of  Barconibe,  by  exliibit- 
ing  many  chalk-flints,  long  ago  well  described  by  Dr.  Mantell ;  and, 
as  the  fact  lias  been  cited  by  Sir  Charles  Lyetl  as  the  only  excep- 
tional case  to  the  usual  clean  denudatiou  of  the  Weald,  I  lately  visited 
the  spot. 

The  slojjcs  and  summits  of  the  low  undulations  of  the  Weald  Clay 
at  Barcninlic  arc  more  or  less  covered  with  the  usual  brownish-red 
loam  and  clnv,  !m  winch  flints,  more  ncteil  upon  by  water  than  those 
near  Petersfield,  ami  stained  with  various  colours,  lie  at  heights  of 
120  to  200  feet  above  the  sea,  and,  as  in  the  localities  above  cited, 
are  Irregularly  disseminated  without  any  appearance  of  stratification. 
In  short,  iVoni  Petersfield  to  East  Bourn,  where  the  drift  becomes  for 
the  most  part  an  aecunudation  of  clay  or  toain,  I  have  nowhere  seen 
it  exhibit  signs  of  successive  beddhig  ;  but  everywhere  proofs  of  its 
baling  been  acciiniulated  suddenly  and  tnmultuously,  whether  it  be 
lodged  on  the  Lower  Greensand  or  on  the  Weald  clay. 

Now,  whilst  the  central  dome  of  the  Lower  Wealden  is,  as  before 
said,  void  of  all  such  drift  and  also  of  all  extinct  fossil  mammalia,  the 
zone  I  ha\c  described  is  more  or  less  characterized  by  them.  Near 
Petersfield,  where  the  flints  are  not  protected  by  any  capping  of  loam 
and  clay,  it  would  be  hopeless  to  expect  to  find  bones,  which  if 
exposed  for  ages  to  the  percolation  of  water  must  have  perished. 
But  in  the  depressions  south  of  Pctworth  near  Burton,  where  they 
were  mentioned  by  Dr.  Mantell,  and  at  Hurston  or  Wiggeuholt, 
remains  of  t'ossil  {[uadrnpeilg  have  been  found  under  loam,  including 
teeth  of  an  Elephant  at  the  latter  jilace*. 

At  East  Bourn,  where  the  eastern  extremity  of  this  zone  of  drill 
consists  chiefly  of  elav  and  loam,  a  harvest  of  fossil  iiianmialia  has 
been  for  many  years  obtained,  and  from  it  Dr.  Mantell  has  already 
cited  E/fp/i<ifi  primigenius.  Hippopotamus,  Cercun,  &c. 

In  the  sequel  we  shall  have  to  consider  similar  accumulations  of 
fossil  mammalia  on  the  northern  side  of  the  central  dome  and  under 
the  escarpment  of  the  North  Downs.     The  woodcut,  fig.  4,  may 

Fig.  4. — Diai/ram,  shomng  the  general  Disposition  of  the  Angttlar 
Drift  when  not  covered  bij  Clay  or  Loam. 
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aerre  to  give  an  idea  of  the  prevalent  arrangement  of  the  matcmb  vt 

tlic  drift  on  the  stirfnce  of  the  Lower  Greensand  and  other  for 


wliere  no  clay  occurs  ;  whilst  fig.  5  reprewiiU)  ex«m|)lc8  whrrv  madl 

Fig.  5. — Diagram  in  illuttratiw  of  thi>  Arrangement  of  the  Am§mlat 
Drift,  at  it  occur*  with  animal  rtmtUM. 


#".  Loun  with  nuny  (tiiiU. 

r*.    Anrill^c^Ki*  lomni  stth  frv  0tnu  ooly. 

M.     Flint  dnft,  lawpr  pftrt,  roiriprMcd  ofaniEuUr  dftlrii. 

f,     Inrbrtor  ftirnutlon,  whether  Ctialk,  Lower  Grc«u*tiu),  WmUm,  A«- 

clay  (u8ually  overl^niig  the  mass  of  angular  dints)  has  prcacired 
bones  of  animals  in  the  drift. 

In  speculating  upon  the  former  causes  which  might  have  distri- 
buted the  deliris  in  the  irn-gular  manner  alK)ve  described,  at  audi 
various  heights  and  ho  completely  out  of  the  reach  of  all  rivm 
ancient  or  motlern,  my  first  genertd  impre:isioii  waa,  that  these  IB- 
gidar  flints  were  simply  the  subsided  residue  of  the  enorrnous  nwaMM 
of  Chalk  that  once  covered  the  inferior  formations.  But  tliia  i*  tto  fx* 
plaoation  of  the  facts  ;  for  if  such  had  lieea  the  case,  why  should  tJim 
not  be  as  much  flint-detritus  on  the  Lower  Chalk,  Cpfier  UrmiaaiM^ 
and  Gault,  as  on  the  Lower  Greensand  ?  Again,  why  sliould  tlie  mr. 
faces  of  the  three  last-mentioned  de^iosits  not  t)e  eroded  in  the  aaaw 
manner  in  which  the  Lower  Greeni^anil  is  atfected  I  Wc  miut  tbereliMV 
seek  another  origin  for  this  zone  of  the  flint-drift.  Lookinc  to 
westeni  extremity  of  the  tract  of  Lower  (ireensand,  vltencbltlk-l 
as  above  said,  alone  prevail,  I  am  disposed  to  suggest,  that  tber 
chiefly  transported  to  the  hills  of  .sandstone  where  tiwy  now  lie,  fruen 
the  recess  of  Langrish,  west  of  Peterstielii,  whore  the  dwlk  whidl 
unites  the  North  and  South  Downs  Iuli  Ix-en  e\trn<ire)T  branded  a 
reference  to  the  "  hangers  "  or  escariiments  of  ' '  'lOD  on 

tlie  flanks.  There,  iudeetl,  a  very  slight  elevatiou  ■  ^HirMa 

of  the  Hother  (which,  flowing  euxtwards  bv  Peterstieiil,  tnlU  into  the 
Anm)  fnim  those  of  the  river  .\ire,  as  fetl  by  its  purely  Chalk -Ada- 
ents  in  the  valley  of  East  and  West  Meon  (see  fig.  2,  ti.  353). 

Viewing  the  extensive  denudation  of  the  chalk  in  liiii  angle,  tmA 
the  heaps  of  flints  which  arc  spread  out  over  Stroud  and  Sleep  Oh^ 
mons,  we  may  infer  that  this  waa  the  tract  wheucr  liie  itebm  wit 
translated  from  west  to  east ;  for  in  following  that  ilirertiou  we  ha«« 
other  indications  that  such  was  the  case.  Near  IVtersfield  thmlk- 
Jtiitlt  only,  as  I  aaid,  are  met  with,  and  when  we  look  to  the  wnt  «r 
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see  the  renaon  why.  In  the  apex  to  which  the  Greensand  is  re- 
duced in  this  sitiiation,  there  are  tvo  courses  of  clinkers,  nor  any  escarji- 
ments  of  tlie  formation  whence  such  materials  could  have  been  de- 
rived. After  passing,  however,  the  hills  of  Trotton,  Midhurst, 
and  Petworth,  in  which  clinkers  abound,  we  can  easily  imderstaiid 
how  a  drift  or  current,  acting  from  west  to  east,  should  have  merged 
its  ehalk-tlints  with  debris  of  the  harder  beds  of  the  sandstone  over 
which  it  (jassfd,  and  have  also  transktcd  fragments  of  chert  from 
the  still  lower  and  well-cxj)Osed  inferior  member  of  the  same  formation. 
This  view  supposes,  that  the  movements  which  fractured  the  rocks 
along  this  western  portion  of  the  great  anticlinal  of  the  Weald  were 
accomjianied  by  a  sudden  rush  of  waters. 

The  loftiest  position  oceu|)ied  b)  the  fliut-drifl  to  the  east  of  Peters- 
field  has  been  already  alluded  to  as  the  summit  of  Rogate  Common, 
about  500  feet  above  the  sea,  where  the  Lower  Greensand  forms 
the  southern  flank  of  the  deep  denudation  of  Weidd  Clay  in  Harting 
Combe  (see  fig.  3).  By  consulting  the  geological  map  I  formerly 
published*,  the  reader  will  see  that  the  Lower  Greensaud  there  sub- 
tends the  Weald-clay  at  a  sharp  angle,  the  point  of  which  is  pre- 
cisely directed  to  the  angle  of  coiiHuence  of  the  ehalk,  whence  this 
tlint-drift  is  supposed  to  have  proceeded.  The  flints  which  lie  on 
the  suininit  of  the  escarpment  have  been  chiefly  shivered  to  small 
angular  fragments,  and  intermixed  with  detritus  of  the  rock  i'«  silu  ; 
but  larger  flints  and  in  greater  (piautities  have  been  carried  down  the 
sides  of  the  southeni  esc8r|)ment  and  adianee  over  undidations  of  the 
Lower  Greensniid  to  the  edge  of  the  clay  in  the  deepest  part  of  the 
depression.  In  trending  the  northern  and  north-western  sides  of  this 
deep  combe,  the  geologist  can,  however,  detect  no  flint-detritus ;  the 
sand-rock  being  everywhere  at  the  surface.  This  is  well  seen  on  the 
edge  of  llake  Common,  along  which  the  London  and  Portsmouth 
road  passes,  and  which  overhangs  the  picturesque  Darting  Combe. 

This  portion  of  the  escarpment  has  been  quite  excluded  from  the 
drift ;  but  immediately  to  the  south  of  the  jniblic-hou.te  culled  the 
"  Jolly  Urovers,"  the  zone  of  broken  flints  is  met  with,  and  is  seen 
to  descend  into  the  combe,  and  to  keep  to  its  southern  side  only, 
under  the  esear|mient  before  alluded  to  (see  fig.  3).  .Much  of  the 
drift  has  doubtless  passed  to  the  south  side  of  the  combe  by  a 
marked  aperture  in  the  ridge  of  Lower  Greensand,  caused  by  a  rup- 
ture of  the  strata  in  the  acute  angle  into  which  the  formation  is  there 
throwTi.  Now  this  break  and  depression  at  the  very  apex  of  the  Lower 
Greensaud,  and  where  the  strata  are  highly  inclined,  point  directly 
to  the  greater  break  and  depression  in  the  chalk  west  of  Petersfield. 

In  these  ](h{eiiomena,  and  in  the  fact  that  no  trainee  of  flints  can 
be  traced  from  the  nearest  chalk  escarpments,  or  those  of  Hawkley 
Hills  across  Hake  Common,  whilst  a  zone  of  such  is  distinctly  trace- 
able along  the  southern  side  of  the  great  Wealden  anticlinal,  we  have, 
I  think,  good  grounds  for  beUeving,  that  the  drift  in  question  pro- 
ceeded, as  before  said,  from  the  angle  of  fracture  and  denudation  of  the 
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chalk  tu  the  west  of  Petcrefield.  It  is  important  to  remark 
longitudinal  parallel  valley  of  Gault-clay  (sec  fig.  3),  as  in  t 
part  of  the  Wenlil-i'lny  valley,  there  are  no  anMimulatioo*  of  lifi 
Several  aUo  of  the  long  slopes  of  the  Lower  Grtrnsand  mrv  csra 
from  it.  The  debris  is,  in  fact,  more  seon  on  the  itninmits  ofth»  hi 
of  that  formation,  whether  tiu-y  he  50  or  3tM)  feet  above  the  Irret  of  i 
present  drainage  ;  and  in  alt  sueh  situations  the  snrtiuvdfthenickJh 
been  powerfully  eroded,  and  the  tlinls  lo<lge<t  m  its  enx 
We  must  also  recollect,  that  the  summit  of  liogate  ('omm 
higher  than  fheop|)osite  plateau  of  Malm  Iluck  or  I'pjH-r  Or 
which  has  lu'en  so  dean  !twept  uf  all  such  fragmentary  inatti 
fig.  .3).  In  all  theM?  facts  I  can  unly  recognise  the  remlu  i 
Bgenry  of  vast  inten.sity,  and  clear  priiofs  of  a  grvat  force  that( 
the  flinty  materials  in  this  district  from  west  to  east. 

To  the  east  of  the  tract  ranging  from  Pelcrstield  to  UidhH 
Petworth,  the  reader  may  see,  on  reference  to  th«  OnhuBM*  I 
how  the  elevations  of  the  Weald-clay  between  Wert  Gr 
the  gorge  of  the  Arun  must  also  necessarily  have  arretted  hiy  p) 
tions  of  these  materials  in  the  maiuu-r  ain-ady  de«cribni.  Wir  ■ 
therefore,  I  repeat,  snppn.ie  that  n  curn-nt  translated  this  debrit  ■ 
gwept  genernlly  along  Irom  west  to  east,  gathering  fre«h 
from  the  harder  parts  of  the  sul>S4iil  over  which  it  passed,  aad ) 
traversed  promiscuously  low  hills  and  dales,  in  thu 
chief  liiu'  of  the  cxi.nting  drainage,  but  at  great  Leighti  i 
MUt  level. 

(Jther  facts  favour  the  inference,  that  a  fomu-r  powerful  but  tm 
lent  current  denuded  the  surface  of  the  bare  rocks  iu  many  parta^  4 
at  the  same  time  distributed  broken  materials  along  a  zone  nf  luail 
width,  and,  on  the  whole,  in  a  depression  liotwecn  the  Chalk  HI 
of  the  South  Downs  on  the  one  hand,  and  the  centnl  riil|^ 
the  Lower  Greensand  and  Weald  on  the  other.  The  i 
the  CluJk,  extending  from  Butser  and  Buritnn  IlilU  oo  ' 
the  Arun  on  the  east,  are  nowhere  broken  in  upon  by  any 
split,  not  even  by  any  depn-ssion.  Througliout  this  s]iacF  tiir  Chi 
with  flint«  or  Upper  Chalk  is  mi  much  thrown  over  to  the  wnitb,  tl 
UO  llintv  bands  now  in  rilu  art  anywhere  within  tltr  tnSa«M» 
waters,  which,  having  reference  to  the  existing  outliura,  couU  tm 
|iort  any  materials  from  them  into  the  valley  ou  the  north.  In  tal 
the  whole  of  the  escarpment  betwevn  But*er  Hill  and  Uuiictoa  ffl 
(the  fonncr  M7'-  feet  aVwve  the  «ea)  is  clearlv  ex|>o»ed  in  all  its  |hh 
with  the  Grey  ('halk  rising  from  beneath  llie  Wkute  Chalk.  sM  • 
few  portions  of  it,  nr  of  the  broad  pktowis  of  Upper  GiMMHalg 
valleys  of  Gaidt  which  lie  to  the  north,  we  any  flinta  riaUa.^ 
iMIMVtivc  rocks  arc  ercrywherr  near  the  iurfacr,  and 
quantity  of  dcbria,  as  shown  iu  tig.  'if.     In  the  we 


ts'!3^| 


*  Sec  Mtp  of  the  (lOTernmenl  Sanrey,  ind  Sectmn,  Ag.  3. 

t  it  Muling,  near  Peiertfldd,  there  ii,  iadecd,  (tfoag  re 
the  I'hslk  hu  undrrgnur  ■  tprdal  affiount  uf  Atfntiuioa  M  M 
prriiMl ;  fur  the  mod  i«iiiarkslile  pn>jretioB  of  that  fonaatkw  b 
pniintiili  (alaiosl  aa  mMIIct)  ctlini  Tufmtj  Hill,  whicb  miMW  riw 
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the  heaps  of  those  flints,  all  highly  fractured  and  unrolled,  are  thus 
confined  to  the  low  liills  of  the  Lower  Grceiisand  only,  neither  ex- 
tending sjiiutliwards  over  the  intermediate  formations  to  the  base  of 
the  Ohalk  Hills,  nor  occurring  on  the  hii;lier  ridges  of  the  same  for- 
mation in  North  Heath,  I]okler  Hill,  and  the  hills  of  Petworth.  The 
mass  of  flint-debris  in  the  south-western  part  of  the  Wcaldeu  denu- 
dation has  thus  a  width  varying  from  one  to  two  and  a  half  miles, 
and  is  |tresnn)ed  to  liave  proceeded  from  the  west.  The  same  phae- 
uomena  described  near  Petcrsfield  arc  seen  near  Pulborougli,  where 
the  ferruginous  or  Up])er  member  of  the  Lower  Greensand  has  been 
deeply  eroded,  and  the  flint-debris  lodged  in  its  cavities  on  the  sum- 
mit of  Fittleworth  llill,  as  well  as  in  the  synclinal  slopes  of  theGault 
of  Trip  Hill  — ])oints  to  which  Mr.  Martin  directed  my  notice*. 

In  the  environs  of  Pulhorongh,  the  numerous  anticjinnl  and  synclinal 
flexures  into  which  the  strata  have  been  thrown,  as  well  descrilied  by 
Mr.  Martin,  tend  naturally  to  explain  why  a  great  animint  of  debris 
(particularly  of  the  Lower  (ireensand)  shoidd  there  be  found.  The 
local  and  unrolled  eharftcter  of  such  surface-accumulations  will  also 
jireseiitly  be  well  accounted  for  by  reference  to  other  ruptures  of  the 
Chalk.  It  will  also  .soon  be  made  manifest,  that  the  chief  debris  ac- 
cumulated between  the  central  dome  of  the  Weald  and  the  Chalk 
escarpments,  is  of  the  same  age  as  that  which  is  .seen  at  intervals  on 
the  sides  of  the  transverse  valleys  in  the  Chalk  and  is  sjiread  in  such 
vast  (juanfities  over  the  externa!  slojtes  of  the  South  Downs. 

Anticlinal  in  the  South  Dowii/i. — An  anticlinal  which  Mr.  Martin 
ha.s  traced  from  near  .Midhurst  on  the  west  to  the  Chalk-range  east 
and  south-east  of  Lewes  must  be  taken  into  consideration  in  explain- 
ing the  denudation  of  the  depressions  along  which  it  passes,  and  in 
accounting  lor  additional  heaps  of  detritus  which  have  been  thrown 
to  the  right  and  left  ol"  it.  Such  signs  of  sheildiivg  of  the  debris  of 
the  Lower  Greensand  to  the  north  and  south  of  (his  line  of  rujiture 
are  well  seen  to  the  south-west,  south,  and  south-east  of  Pulborough  ; 
and  the  result  is,  that  in  this  district  the  debris  of  the  wcsteni  drift 

fSrey,  and  wliite  chalk  regularly  overlying  the  Upper  Greenland  in  thii  very  narrow 
north  and  toiith  counterfort  of  shout  three-quarters  of  a  mile  in  length,  anil  from 
which  the  Chalk  with  flints  hu  liccn  entirely  removed.  I  eonfcu  that  the  s)  nrliual 
fonn  of  Ihia  narrow  mass  of  cimlk  (which  is  (eparatcd  from  the  main  escarpment 
by  a  deep  notch)  once  imprcucd  mc  with  the  idea  that  it  was  a  remnant  or  spur 
of  the  formation  which  had  resulted  from  a  tran.<verse  movement  of  oscillation, 
which  failing  to  produce  a  cross  rent  or  valley  had  left  a  iiortb  and  south  ridge  as 
a  memento  of  the  force  employed.  The  slightly  hroken  condition,  however,  of 
the  strata  and  the  other  facts  preWously  alluded  to  compelled  me  to  altaudon 
that  hj'pothcsis,  the  more  readily  as  there  is  no  Iraiivfe  of  flints  extending  from 
Tarhurv'  across  the  plateau  of  Malm  Kock  and  valley  of  Gault  to  the  sand-bills 
of  West  Heath,  Ike.  See  fig  3,  and  Geological  Map  of  parts  of  Hants  and  Sussex, 
Trans.  Geol.  Soc.  Lond.  toe.  eit. 

*  Near  Pulborough,  although  the  chalk-escarpments  are  quite  free  from  the  flints, 
Mr.  Martin  assures  mc  that  they  occur  with  some  drift-loam,  and  a  few  flints  in 
(latches,  on  the  Upper  Greensand  and  Chalk  Marl.  This  is  a  highly  dislocated 
tract.  In  all  the  western  tracts,  the  occurrence  of  a  few  scattered  flints  on  the 
mere  soil  of  the  Malm  Rock  and  Gault  is  a  rare  occiirrenre,  and  in  no  instance  do 
they  enter  into  erosions  of  those  rocks  ur  fonn  heaps  of  drift. 
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is  ill  part  brought  nearer  to  the  Chalk -escarpment  than  in  thr  mn- 
roiis  of  Ilartiiig  and  Trotton. 

Whether  this  anticlinal  line  be  dix-isible  into  two  parallrLt,  m$  rt- 
presented  in  the  map  of  Mr.  Hopkins*,  or  constitute  one  obliijue  Bae 
of  fracture,  as  Mr.  Martin  believes,  it  is  enough  fur  my  purpoM  to 
show  how  some  of  the  most  remarkable  eoUm'Htions  of  highly  aafniilaf 
and  sharply  fractured  flints  have  «  close  reference  to  it,  whrtber  wt 
examine  the  eu^nrons  of  iirighton  or  those  of  Lewes  {  •c«tng  that  il 
passes  to  the  north  of  the  former  and  the  south  of  the  Utter  |iiMr. 

The  great  disturbance  of  the  Chalk  near  Lewes  (louf(  ago  poiatBl 
out  by  Dr.  Mantell),  as  well  as  the  |>ersistencc  of  tliia  aatieBMl 
towarcls  the  east,  is  indicated  clearly  in  the  longitudinal  valley  whirh 
lies  betwi>en  the  Ouse  and  the  village  of  Glynde.  It  is  completely 
denuded  of  all  drift,  the  strata  being  there  clearly  arrange*)  in  an  as- 
ticlinal  form,  and  thus  constituting  a  vnlley  of  elevation.  In  conmltr- 
ing  the  manner  in  which  the  drift  has  been  accumulated  in  tite  VaOcy 
of  the  Ouse,  the  important  part  played  by  this  subsidianr  TaUvr  of 
elevation  will  be  presently  noliced.  Let  me  only  say,  that  if  the  fiiat- 
drift  before  alluded  to  on  the  Weald  clay  at  Itarcombe  be  alao  rrlcr- 
able  to  this  fracture  in  the  chalk,  there  is  just  the  same  dlffirakjr  ia 
comprehending  its  translation  thither  without  leading  aome  eanaact- 
ing  features  between  its  original  site  in  the  atljaceut  Mcarpment  aad 
the  spot  on  which  it  now  lies,  as  haa  boen  adTCited  to  in  the  caicf 
of  West  Ueath  and  Trotton  Common. 

Detritus  on  the  side*  of  the  Trantrerte  t'alley*. — Each  of  the  Ibw 
transverse  valleys,  by  which  the  Arun,  the  Adur,  the  Ouac,  i 
Cuckmere  escape  from  the  Weald  through  the  ( 'balk  to  the  I 
ancient  moinnls  uf  dril\,  more  or  less  siinUar  to  what  has  b«cnc 
arranged  irregularly  and  at  <lii)Vrent  altitudes  u[M)ii  their  Iwnka,  fn 
'JO  to  100  fiH't  abuve  the  ]iresent  rivers.  .\  glance  at  aur  v^  tbtat 
materials  at  once  l>es|H-ak!>  the  tunmltuary  nature  of  their  origin  :  far 
none  of  them  contain  rounded  or  wnter-woni  jiebbles.  .\X  Pcpf 
about  80  feet  above  the  Arun.  and  midway  in  the  gorge  of  the  i 
bones  of  an  Elephant  were  found,  a-i  cited  by  Dr.  Mautell. 

In  the  detile  of  the  Arun  the  pronioutoriea  of  North  Stoke  maik 
South  Stoke  are  just  iu  such  relative  pootiona  as  we  may  i 
would  have  arrested  or  thrown  olf  to  the  opposite  sides  ma 
detritus  hurled  along  the  valley ;  and  Peppering,  iK-iiig  in 
opposite  to  the  roun<l  promontory  of  Arundel  Park,  is  iherefoer  a 
spot  where  we  might  look  for  a  collocation  of  drift  with  buoea.  IIm 
more  open  and  straighter  chalk-valley  of  the  .\dur  with  no  marked 

{iromontories  or  miuises  was  little  likely  tn  arrtat  moch  driA,  which 
las  chielly  been  translated  to  the  .srn-lKxud. 

If  no  fossil  remains  have  Imh-u  detected  in  the  Tallcy  of  the  Oaek* 
mere,  it  is  probably  biH-ause  no  cuttings  have  been  made  in  that 
seiiumtered  tract.  Tljere  I  observi'd,  however,  mouniU  of  loam  and 
sand  with  broken  duJk-flints  extending  southwards  from  the  i 
Weald  Clay  at  Arlington  and  the  station  of  Berwick  lo  the 


*  See  Tnuu.  Geo).  Soc.  Load..  N.  8>  voL  liL  FL  L 
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south  of  Alfriston,  at  which  [ilnee  large  blocks  of  tertiary  grey-wether- 
sandstonr  also  occur  as  IjouldiTS. 

These  heaps  of  ilftritus  occupy  low  hills  considerably  above  the 
present  ilruirmge,  and  iu  their  irregular  distribution  and  uustratified 
aspect  resemble  the  drift  of  other  districts  alluded  to. 

My  notion  therefore  is,  that  when  one  portion  of  the  Wealden 
drift,  was  swept  along  from  west  to  east  in  a  de[)rossion  between 
the  South  Downs  and  the  elevations  of  the  central  dome,  other 
|H)rtions  of  the  same  were  deposited  in  these  gorges. 

In  the  example  of  the  river  Onse,  it  is  indeed  probable  that  the 
collection  of  drift  to  the  south  of  the  Lewes  Castle  Ridge  was  much 
increased  by  the  debris  thrown  into  this  recess  by  the  operation  of 
the  anticlinal  elevation  before  alluded  to.  The  position  and  relation 
of  this  Lewes  drift  are  much  too  remarkable  not  to  be  specially 
noticed ;  the  more  so,  as  it  is  owing  to  the  railway  cuttings  that  de- 
tails have  been  laid  open  which  were  less  perfectly  seen  when  Dr. 
Mantell  gave  so  deep  an  interest  to  every  feature  around  his  native 
town*.  No  transverse-tlowing  river,  which  escapes  from  the  Weald 
through  the  South  Downs,  passes  through  so  narrow  a  gorge  of  the 
Chalk  BS  the  Ouse  at  Lewes,  the  ancient  castle  being  built  upon  a 
pronmtitory  of  that  rock,  whieii  running  from  the  main  mass  of  the 
formation  ou  the  west,  advances  to  within  a  very  short  distance  of 
the  hill  called  "  Chfl',"  and  where  the  abrupt  face  of  the  chalk  so 
clearly  detnoustratcs  that  the  gorge  has  been  formed  by  a  great 
transverse  rent.  The  face  or  side  of  that  chalk  promontory  is  too 
abrupt  to  have  permitted  the  accumulation  of  foreign  drift  in  any 
(juantity,  but  the  moment  the  observer  has  passed  the  gorge,  he  sees 
a  wide  and  tlat  alluvial  ellipse,  subtended  on  all  sides  by  sloping 
chalk-hills,  which,  separnted  m  one  part  by  a  distance  of  nearly  two 
miles,  approach  closely  again  at  liodmiU  anil  Itford.  Thence  the 
river  once  ogain  Hows  in  a  gorge,  much  more  open  than  that  of 
Lewes,  and  again  the  valley  opens  to  some  width  between  Ncwharen 
and  Seaford. 

Now,  the  chief  accumulations  of  drift  occur  precisely  where  one 
might  best  expect  to  find  them.  First,  in  the  recess  in  the  chalk  on 
the  right  bank  of  the  Ouse  and  imincdiatt  ly  south  of  the  Castle  of 
Lewes  and  the  tunnel  of  the  Lnmlon  railroad  (see  fig.  6).     There, 

Fig.  6. — Diagram,  s/iowiiiff  the  Positioii  of  the  Angular  Drift  and 

its  oterlying  Argillaceous  Loam  in  the  Chalk-valley  at  Lewes. 

N.  LrwM.  Cliff.  S. 
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M.  Drift  and  Combe-rock  (with  Fouil  Hunmalli),  coTored  bjr  ugillueoua  loun. 
~    "  i.  Chllk.ii>*rl  (axU). 


I.  Hill. 


Chalk  (upper  and  lower). 


the  angular  flint-drift  has  been  cut  into  to  a  depth  of  from  12  to  15 
feet,  and  is  covered  by  a  tliick  mass,  as  uustratified  as  itself,  of 

*  See  The  Fuasila  of  the  South  Uowns,  or  Ulustratioiu  of  the  Geology  uf  Sut- 
lex,  l>y  Gideon  MantcU,  P.L.S.,  G.S.  &c.    4to.  London,  1822. 
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heavy  argtllaccaiu  luatn,  in  parU  usvJ  as  brick-t-arth.  The  bifrUT 
frncturrd  condition  of  many  of  the  flints  and  their  aduiulure  wiUk 
Sftud,  lonin,  and  chalk-debris  produce  here  and  there  excellent 
of  the  so-called  "  ('umbe  Rock,"  which  under  that  naine  is  now  i 
used  as  ballnst  for  the  railroads.  It  is  here  a  nisty-coloorMl  OMi^ 
owiufi;  to  the  flints  having  been  mixed  up  with  ferruflDOat  deOini 
of  other  rocks  chiefly  tertiary  ;  whilst  at  HriKhton,  tnv  chalk  itHlf 
being  the  chief  matrix,  the  "  Conibc  Rock  "  is  mostly  of  a  whitMb 
tint.  Many  of  these  flints,  so  entirely  fresh-fracturrd  and  iinroiW, 
were,  I  believe,  suddenly  translated  into  this  re(x»>  from  Ums  ootk 
side  of  the  anticUual  before  spoken  of,  the  line  of  which  is  onlr  kboat 
one  mile  to  the  south  of  this  co|)ious  accumulation,  in  wiiicb  dtt 
railroad-termini  of  the  trains  to  London,  Brighton,  and  EmI  BoBts 
are  established.  The  high  inclination  to  the  north  of  a  tnaaa  at 
chalk  with  flints,  in  the  southern  part  of  the  "CUff"  pruMinninrir  ■< 
SoutluTham  on  the  left  bank  of  the  stream,  ajid  wlueh  ■ 
disturbed,  to  have  been  inclined  to  the  south,  is  at  hajut  .-.  .  .|....^^ 
that  many  of  the  angular  flints  were  most  probably  added  lii  Uk 
accutnulution  in  this  maimer  from  the  reversed  rocks.  Thrir  pmcitf 
staineil  and  |iarty-coloured  character  is  doubtless  due  to  their  itavia^ 
been  long  imbedded  in  a  mixture  of  fcrniginous  Hud  or  d»J,  p(«k»- 
bly  di-riveil  fnim  the  breuking-up  of  the  red  and  oeliraoas  baidsaf  tke 
tertiiit)   I'lmlic-clay. 

1  would  li'ti  JM-g  the  reader  to  remember,  titat  the  pomUaa  of  ai 
underlying  flint-drit\  and  an  overlying  heavy  clay  or  loom,  which  rfaas 
to  hfightx  of  about  10  feet  above  the  Oiuse,  is  exactly  analn^tniH  ta 
what  I  shall  have  hereafter  to  dwell  u|>on  at  other  pbu'  -h* 

remains  of  fos»il  mammalia  have  been  found  in  the  low  '>&_ 

Dr.  Mautell  authorizes  me  to  say  that  fciuil  bones  hkve  been  i 
found  in  this  debris  of  Ix-wes.  He  has  also  formerly  «UI«d  that  I 
low  grounds  of  the  flat  expanses  of  the  \'alley  of  the  Quae  wrre  o^ 
cupied  by  the  sea  at  no  very  remote  period,  and  have  patiwJ  tnm 
salt-marsnes  into  desiccated  lands  -,  so  tnat  here,  as  clsrwhcrf,  we  haav 
the  cleanest  distinction  between  ancient  Dritt  and  modeni  Allwrnnn. 

I  n  passing  across  the  I^ewes  ant  icliual  to  the  south,  t  he  chalk,  on  hath 
banks  of  the  transver!M.--fluwing  Uuse,  i*  seen  to  dip  gently  tn  ihr  aoMh. 
near  Rodmill  and  Itford.  Thence  to  I'idilingboo,  the  summiu  of  th* 
cbalk-hilltH'ks  in  titu,  which  flank  thi'  strt-am,  have  been  largrtr  • 
and  their  surfaces  and  cavities  have  been  tiitnl  with  the  anftular 
drift,  mixed  more  and  more  with  rrddi»h  loam  ax  v  '  ••to  tb« 
south,  or  into  the  t<iue  where  the  older  tiTti.Ar)-  dfp.  'Mtrtwd 

the  Chalk.     The  whole  of  the  side*  and  summits  ut  ibi.'  l'lt«lk-hlb 
then  prcst-nt  au  B|)pearanee  wholly  unknown  in  the  district*  of  | 
I'hnlk  nearer  the  csj-arjiments,  and  where  no  an'  turlaaii 

acte<l  i  for  the  red  l<iam  and  flint-detritus  an-  >  ,iienllr  i 

surface.     This  great  feature  of  the  Drift  will  uow  be  cuuaidered. 

Drifl  on  tkr  Soulktm  Slope  of  the  Son/A  Downs. — Wben  thr 
southern  slope*  of  the  Sviuth  Downs  are  sun  eyed  from  Beachy  lltwi 
on  the  east  to  Port«|uwn  Hill  and  the  Forest  of  Ucrv  on  the 
their  Mirface  is  found  to  be  |irodigiou»ly  eroded.     With  the  n 
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P  the  well-known  case  at  Newhaven,  and  one  which  will  afterwards 
e  mentioued,  the  overlying  Plastic-clay  with  its  grey- wether-sand- 
stone and  rounded  pebble  beds,  has  either  been  swept  away,  or  so 
re-aggregated  and  mixed  with  a  tumultuous  drift  of  ehalk-flints,  for 
the  most  part  angular,  that  it  can  nowhere  be  said  to  be  i«  »itu. 

The  slopes  of  the  Chalk  Hilts  tin  either  side  of  the  Valley  of  the 
Ouse,  where  they  approach  to  the  coast,  are  here  and  there  ladeu  with 
considerable  thicknesses  of  the  ("lay.  whether  to  the  west  of  Seaford 
or  to  the  eiist  of  Newhaven.  In  many  spots  the  clay  merges  into 
loam,  iu  parts  quite  sandy  ;  in  general  the  tint  of  the  re-aggregated 
mass  is  rusty  brown  and  ochreous,  owing  to  a  copious  dissemination 
of  iron-ore. 

The  cliffs  exposed  to  the  action  of  the  sea  afford  numerous  sections 
(as  seen  in  the  works  of  Mantell),  where  the  drifted  materials  enter 
far  into  crevices  and  holes  in  the  White  Chalk.  In  the  district  coui- 
prisuig  the  villages  of  Ilottingdeau,  Falmer,  and  Stanmer,  there  are 
abundant  proofs  of  this  infilling  of  the  surface  of  the  chalk,  of  which, 
indeed,  the  cuttings  of  the  railroad  from  Lewes  to  Brighton  afford 
numberless  examples,  some  of  which,  when  carefully  examined,  may 
l)e  found  to  pertain  to  the  older  tertiary  period  ;  though  1  think  these 
will  prove  to  be  rare  exceptions.  At  Rottmgdean,  the  manner  in  which 
the  angular  Hint-drift  has  been  swept  into  the  little  combe  in  which 
the  village  stands,  and  where  it  forms  a  cjagulated  mass  extending 
to  the  sea-front,  at  once  explains,  in  my  opinion,  the  origin  of  the 
East  Sussex  word  "Combe  Rock,"  first  used  geologically  by  Dr. 
Mantell.  That  autlior*  has  rendered  the  cliffs  of  Brighton  classical 
by  his  faithful  and  lively  deUneation  of  this  "  Combe  llock  "  or 
"  Breccia,"  which  he  also  teniied  the  "  Elephant  Bed,"  from  finding 
in  it  abundant  remains  of  these  and  other  extinct  mammals. 

If,  however,  in  addition  to  the  chalk-Hints,  we  substitute  tertiary 
debris  for  the  fragments  of  the  Lower  Greensand,  such  combe-rock 
b  quite  analogous  to  the  "  flint-rag"  of  the  Weald  already  described. 
A  large  jmrt  of  the  town  of  Brighton  is  built  on  it.  This  breccia 
is  there  made  u|>  of  chalk-  and  tlint-detritus,  mixed  in  some  parts 
with  sand,  in  other  jiarts  with  stift'  plastic-clay,  and  in  others  with 
loom.  Wlien  Dr.  \Iantell  wrote  Ins  earlier  works,  cliffs  of  this 
'  ancient  concrete  were  visible,  resting  on  ledges  of  solid  trhalk,  and 
extending  from  the  Steine  to  Kemj)  Town  :  these  I  have  formerly 
examined,  but  they  are  now  built  iip  with  artificial  concrete  to  prevent 
subsidence  and  decay.  To  the  east,  however,  of  this  grand  parapet, 
i.  e.  immediately  beyond  Kein]>  Town,  the  natural  features  remain 
well-exposed.  They  can  stiil  be  thoroughly  examined  by  walking  on 
the  shingle  from  the  end  of  the  Terrace  at  Kemp  Town  under  the 
natural  cliflF  (70  to  HO  feet  high)  to  the  flag-staff  of  the  Preventive 
Station.  There,  at  the  base  of  the  cliff,  the  white  chalk  with  some 
flint  is  in  situ,  and  Ues  in  strata  which,  idthongh  nearly  horizontal, 
rise  a  little  towards  the  east,  so  as  to  be  about  six  feet  above  the 
higher  shingle  of  the  shore. 

*  See  '  Geolog)'  of  Sussex,'  p.  277  el  teg.,  and  plates  i  and  5. 
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Here,  however,  b  new  feature  presenU  itself,  in  tiie  lorflM*  < 
chalk  not  beiii);  deeply  groovecl  and  eroded  as  it  is  whe 
is  immediately  siiper|K)sed  to  it,  and  in  its  being  separatrd 
drift  by  beds  of  pebbles,  each  of  which  has  a  thoroughly 
and  water-woni  aspect.  The  pebbles,  which  are  very  nfpxiaxiy  t 
tified,  in  layers  with  sand,  are  hardly  to  be  distinguished  frooi  ll 
now  accumulated  by  the  action  of  the  sea,  like  which  they  flon 
here  and  there  a  large  fragment  of  chalk,  and  occupy  a  thicknea 
about  8  or  10  fi-et.  It  is  manifest,  thcretorr,  that  ihey  wen*  fan 
under  tidal  and  wave  influences  of  a  former  epoch.  Dr.  Mmul 
indeed,  suggested  this,  and  also  {>ointed  out  that  this  pebble< 
8i)ingle-)>ed  contained  fragments  of  granite,  purphyrv.  KTMlMtl 
rjuartz  rock,  and  greywacke-slate,  &c. — detritus  now  loreipi  Uk 
coast.  Again,  from  the  condition  of  the  pebbles  and  the  pnaen 
some  marine  shells  of  existing  S{>ecie8  (together  with  poftioaa  t 
whnlc,  Balftna  mynticetut,  afterwards  discovered)  he  very  properly 
duced,  that  the  beds  must  liavc  been  aggregated  by  long-eontiRi 
action  of  waves, — the  more  so  as  fragments  ot  chalk  auiono;  (1i«b  I 
been  peribrated  by  Pholade*.  Ilere,  therefore,  we  have  aisUnrt  i 
dence  of  a  true  old  beach,  which,  although  subaeuuentlj  lancd 
liad  been  tran(|uilly  and  naturally  formeil  u|>on  a  bare  chalk  tk 
during  a  long  period,  just  as  the  pres<Mit  shingle  is  accuinnlalcd.  I 
lower  level,  on  the  reefs  of  chalk  seen  at  low  water.  It  '»  alao  H 
noted  that  Dr.  Mantell  further  detected  in  this  old  marine  ahaarv^ 
some  remains  of  the  same  qundrupeds  which  occur  much  more  wh 
dandy  in  the  overlying  "  Elephiint-brecci*."  , 

This  raised  bench  has  here,  however,  but  •  unall  [ 
and  its  termination  eastward*  on  the  coast,  which  la  •  I 
the  Preventive  Station,  is  distinctly  seen  in  the  vertical  diBL 

For  the  suace  of  the  half-mile  where  it  is  exposed,  the  oU  1 
everywhere  immediately  covered  by  drift, which,  from  its  brrcciatel^ 
tumultuoiu  coniUtion,  presents  the  most  lively  contrast  to  Us*  faa| 
see  fig.  7.  The  lower  part  of  this  detritus  at  Kemp  Towii  h  m  < 
part  made  up  of  large  fragments  and  angular  pieces  of  rhalk,  i 
iM  titu,  and  confusedly  hea]ird  together,  witli  s«ime  flints, 
that  they  must  have  resulted  from  violent  dislocation. 
al>ove  these  consists  in  some  parts  of  a  whitish,  clialky  : 
broken  rubble,  in  which  a  nide  undulation  is  set^u. 
however  (when  viewed  as  a  whole)  by  numerous  eouvolutiuo 
•orl  of  irregularilv.  whether  as  n-garils  the  materials  or  the  i 
of  the  lamina-,  l^rther  ea.st,  these  appearances  are  rerrj 
where  the  mass,  |mrticularly  in  its  uptter  fiart,  has  a  f^ 
matrix,  luul  where  the  thickness  is  not  less  than  50  fret. 
Town,  for  example,  the  re-aggregated  beds  have  beat  I 
out  of  the  detritus  of  the  chalk,  but  towards  the  P 
they  eonsi.it,  to  a  great  exteut,  of  sand*  (with  a  few  lu]p  I 
of  grey-wether-sandstone)  derived  from  the  Trrtiaiy  Honi*. 

*  Sinrc  the  olMcrritions  teeonlrd  in  the  lest  wart  msdt,  a  bll  of  a  potlM 
the  cliir,  stHHit  300  paces  cast  of  the  mtSXt  ii  K«mp  To«b,  ha*  Ud  a^^w  a  d 
vertical  trcUon  of  riw  lower  Mrt  of  Ihr  iliiA  which  lin  ob  the  MciaK  M 
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is  the  condition  of  the  breccia  in  the  cliffs  east  of  Brightou,  and  the 
animal-remaina  occasionally  found  in  it  are  chiefly  the  teeth  of  the 

Fig.  7. — Diagram  ahowing  the  general  sfntefure  and  compvtifion  of 
the  Brighton  Breccia  or  Combe  Rock,  aiul  its  relaliotu  to  the 
Chalk  and  the  ancient  and  recent  Sea-beacAe*. 


^ 


r". 
land 


»'. 
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,  Allunal  Roil 
Upprr  flint  drift. 

IrrtfrulAr  eounea  of  tuid  and  bloeki  of  Rrry-wether-undatonr. 

Lower  drift ;  in  porta  u  very  co«ne  cholK-rubble  with  aome  tlinta,  in  parts  fine  laminie  of 
and  rhalk-ruhl>lc. 

Old  niurd  bearb,  with  rounded  pebblea. 
Chalk  with  flinu. 

Pmcnt  lea-bcach  and  «hingle.ilope. 

Chalk  expoaed  at  low  water,  with  pe))bleB  aecumnlatod  around  large  fragmeota  of  chalk, 
a*  in  the  old  b^h,  b. 

Foaail  bonca  are  found  at  intcrrala  in  x,  x',  and  s". 

Horse,  Stag,  and  Mammoth,  and  such  of  the  harder  bones  as  were 
capable  of  resisting  the  violent  comniotiun  which  obviously  attended 

beach.  Instead  of  beinfi;  made  up  of  large  aiitiangular  fragments  of  chalk,  as  in 
tome  places,  it  ia  tliere  eomjiosed  of  liiielv  levigated  aIteruation»  of  yellowish 
tauiiy  and  whitibh  chalky  mulcriais,  which  for  a  sli<irt  space  are  horizontally  stra- 
tified, although  Che  imlieddt'd  fliuta  are  angular  aud  unrolled.  A  little  further 
eastward  these  fine  yellow  layers  are  observed  to  pass  (in  the  very  same  horizon, 
or  immediately  over  the  raised  beach)  into  a  very  coarse  white  rubble,  containing 
Urge  fragments  of  chalk,  and  free  from  all  sand  or  clay.  l>i  other  parts  of  itie 
cliff,  irregular  layers  uf  sandy  and  hiamy  detritus,  with  some  flints,  have  assumed 
fantastic  forms,  resemhling  lliosc  uf  the  contorted  and  hrnketi  drift  uf  the  Norfolk 
coast.  Whilst  it  ia  specially  to  the  ui)(>er  and  urd>edilcd  portion  of  these  loose 
materials,  whether  cotuposed  of  flints  or  clay  atid  sands  with  flints,  that  my  oh- 
aervatioos  apply,  I  must  say,  that,  after  examining  many  sections  in  a  variety  of 
districts,  t  cannot  see  by  what  meant  this  drift  can  be  separated  into  distinct 
ages.  The  organic  remains  which  it  contains  are  of  the  same  species  in  all  por- 
tions  of  the  deiM)5it,  and,  if  we  seek  to  di^tinguish  the  upper  from  the  lower  mem- 
ber by  physical  tests,  we  meet  with  the  following  rcsidt.  The  apparent  separation 
visible  in  one  place  is  not  only  evanescent  in  another,  but  the  parts,  supposed  to 
be  distinct,  inosculate  with  aud  graduate  into  each  other,  la  one  locality  the  ilay 
or  brick-earth  overlies  all  the  fliuts,  in  another  it  ramifies  through  them,  and  ia 
distributed  with  patches  of  sand  in  the  most  capricious  manner.  In  addition  tc 
the  numerous  sections  mentioned  in  the  text,  1  may  be  |>ermittr<l  to  state,  that 
excellent  examples  of  this  irregidar  distribution  are  c»(Kised  oirtlie  sides  of  the 
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the  formation  of  this  deposit.  The  proof  of  such  f  iolenee  is  exhiO 
bited  in  the  sharply  fractured  condition  of  the  flints  wl 
up  in  the  breccia.  Not  one  is  rounded,  whilst  nio«t  of  them  mi« 
sharply  fractured  as  if  by  some  sudden  tangential  force.  Tike  praxis 
mate  cause  of  their  being  so  unrolled  when  drifted  into  the  Bri((ittaa 
depression  was,  I  doubt  not,  the  splitting-up  of  the  adjacent  chalk  t» 
the  north  of  the  town  by  the  anticlinal  hnc  before  alluded  Xo,  tad 
which  passes  from  Pic  Combe  into  the  depression  of  Palmer,  cbnt 
separatmg  the  chalk  of  Newmarket  Hill,  Ovingdc-an,  and  Brigliloa 
from  that  of  Lewes  Race  Course  and  Plimpton  I'lain. 

Before  the  town  of  Brighton  had  iiu-rea:>ed  in  a  uortherlj  dinctio^ 
this  drift  or  breccia  was  seen  to  extend  in  the  de]ires«ion  betwrca  iht 
chalk-hills  in  which  the  road  to  Loudon  nui».  A  hkc  poaitton  «f 
the  materials  occurs  at  the  east  end  of  Kemp  Town,  where  tbc 
hollow  in  which  the  gas-works  are  placed  is  also  occupied  hy  mdelT 
stratified  alternations  of  masses  of  sharp  Hints,  with  siniall  iiiiiiiiVw 
fragments  of  chalk,  and  yellowish  sandy  loam  with  iliiits.  In  tntk, 
the  Gas  Company  drove  a  tunnel  through  this  detritus,  for  the  pvT' 
pose  of  bringing  coals  on  an  incline  from  the  shore  to  thetr  mI^ 
ulishnient ;  and,  although  it  is  now  not  used  as  such,  and  is  M'«*%t^ 
up  at  the  northern  end,  any  one  may  still  walk  into  this  tomxl  far 
thirty  or  forty  paces,  and  thus  examine  on  either  side  the  iiliin  ti 
the  lower  portion  of  the  breccia,  which  is  there  very  chalkr. 

Thanks  to  the  former  labours  of  Dr.  .Mantell,  nearly  all  tlie  atamt^ 
remains  of  this  aecumulatiuii  ore  well  known.  Those  noted  by  him  aic 
EJephat  primiffeHiti*,  EquutfiMiili*,  E.plicidfn*  (Owen),  Aaituufi^ 
tilit,  Bot,  Crrvus,  &c.  In  addition  to  these  I  procured  last  aiini— 
some  vert-  perfect  teeth  which  Dr.  Mantell  has  rcfencd  to  RJkimoetrm 
tichorhinu.1.  I  may  here  mention  that  these  remains  of  Mimocrrot  vtfC 
found  in  the  chalky  rubble  through  which  the  above-mentionrd 
was  cut,  and  under  about  2J  feet  of  superjacent  unttratifivd 
breccia  (in  which  however  other  bones  were  found).  They  ww» 
dentally  disinterred  by  the  workmen  who  were  cutting  new  «■!■ 
from  the  tup  uf  the  did'  to  the  shore  east  of  Kemp  Town,  ud  «W 
using  this  tunnel  to  take  their  meals  iji,  luul,  in  excarating  •  hail*  la 
its  side  to  hold  their  food  and  uteuails,  detached  the  mnaias  is 
question.  The  same  men,  whose  progress  I  watched,  had  iiiiiiIiimIi 
procured  for  me  remains  of  Horde's  teeth  and  Stag,  bat  tuB  iHtlH- 
preserved  bones  of  the  Rhinvcerot  were  low  down  iu  the  softer  didk- 
rubble,  the  others  in  the  overlying  and  more  flinty  chaotic  mai. 

It  has  beiore  been  slated,  that  similAr  fossil  bones  occur  within  the 
Wealden  denudation  and  in  thetraiisvenu-  pinys  which  umwed  fnm 
it,  and  therefore  it  is  not  to  be  wondcn-d  at  that  ther  mwild  also  kr 
discovered  at  diiferent  localities  and  at  different  heignCs  up  to  a  etr- 

BrighKtn  RailroAf)   near  PoitnMoth.  tint  itill  better  oa  Uioae  of  Um 
Wctirrn  lUilrotit  )>rtwt«a  RoBMy  aiul  8»1uIhu7,  pawlenlarty  aaar  the 
at  the  laitrr  |iUc-r.    It  wo«M  rt^i^  couiiUcw  dia^taBi  IS  faJkata  th* 
nf  thi>  drift,  unit  I  ran  oaly  vyum  mjr  conviedsa,  (hat  di  IIm  pan 
ohirli  teem  Iu  b«  diuinet  ai«  siaipljr  the  mulla  of  upeiatlwa  of  tke  i 
during  thrMune  period  of  riolaal  and  turbulrut  xntoa. — (Octoba  lA&l.] 
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tain  altitude  on  the  outward  slopes  of  the  South  Downs.  Thus,  Dr. 
Maotell  had  observed  them  «t  Co[)|)cras  Gap,  a  short  distance  inland 
of  Shoreham.  1  have  also  to  thank  the  same  author  for  informing 
me  that  many  years  ago  Mr.  IlennahtUscovered  the  bones  of  Ele|)hant 
and  Stag  in  one  of  the  cavities  of  the  clialk  towards  the  higher  por- 
tion of  the  Downs,  and  there  also  mixed  up  with  fraetvired  Hints  and 
stiff  ochreous  clay-  This  fact  is  of  vahie  in  enabUng  us  to  identify 
the  breccia  of  Brighton  and  Kemp  Town  chtTs  with  much  at  least  of 
the  wide-spread  debris  which  lies  at  higher  levels  on  the  slopes  of  the 
South  Downs. 

At  the  western  end  of  Brighton,  near  the  shore,  the  drift  differs 
somewhat  both  in  its  matrix  and  position  from  what  has  been  de- 
scribed east  of  Kemp  Town.  Patches  and  coverings  of  angular  chalk- 
flints  are  also  to  he  seen,  but  the  chalk  is  nowhere  visible,  except  in 
excavations,  and  even  the  bottom  or  sbingle-bed  has  only  been  reached 
near  the  sea.  In  the  low  tract  between  Brunswick  Terrace  and 
Hove,  an  unstratified  angular-flint-hreocia,  of  from  8  to  10  feet  in 
thickness,  being  removed,  beds  of  reddisli-hrown  clay,  occasionally 
mottled,  and  ui  the  lower  part  blue,  resting  upon  sands,  have  been 
cut  into  to  a  dcjith  of  nearly  30  feet,  for  the  inauiifacture  of  bricks. 
On  a  first  uispectioii,  geologists  might  doubt  whether  these  were 
really  strata  of  the  age  of  the  Plastic  and  London  clajs  in  situ,  so 
completely  is  the  mineral  character  identical  ;  whilst  their  eroded 
upper  surface,  on  which  the  chief  mass  of  the  flint-breccia  is  placed, 
would  seem  to  separate  the  two  dejjosits.  But  both  these  signs  are 
fallacious  ;  for  in  the  very  heart  of  these  clays  and  sands  I  found  frag- 
ments of  Mytilus  eJulis  and  other  sea-shells  of  existing  species  with 
theircolours  presened,aud  amongtheni  tlirec  or  four  perfect  specimens 
of  Litfori/ia  littoralU,~-a.  shell  whose  form  and  strength  enabled  it  to 
withstand  violence.  And  although  masses  of  coarse  breccia,  similar 
to  that  which  overlies,  are  not  -visible  beneath,  still  thin  and  irregidar 
layers  of  finely  and  sharply  fractured  flints  occur  here  and  there  in 
the  clays,  with  small  fragments  also  of  chalk.  In  following  these 
brick-earth  clays  to  Shoreham,  they  are  found  to  rest  (where  wells 
have  been  sunk)  on  a  coarse  flint-rubble*. 

It  thus  follows,  that  this  detrital  deposit  of  Brighton,  however  di- 
versified in  aspect,  and  whether  it  be  called  Combe  Rock,  Elephant 
Bed,  or  Brick  Earth,  pertains  to  one  and  the  same  group,  and  is  refer- 
able to  so  very  modern  a  geological  era,  that  the  sea-shells  now  living 
then  prevailed,  although  the  great  land-animals  which  also  then  lived 
have  long  ceased  to  inhabit  onr  country.  The  presence  of  the  sea- 
shells  in  this  coast-portion  of  the  drift  is,  I  believe,  solely  due  to  the 
broken  materiids  having  been  washed  down  into  a  nook  or  depression 
then  occuj)ied  by  the  sea.     At  higher  levels  they  are  never  found. 

Those  of  my  geological  friends  who  have  hitherto  considered  this 
coarse  breccia  to  have  been  formed  somewhat  in  the  same  manner  as 
a  sea-beach,  must  thcrefi)re  excuse  me  when  I  differ  from  them  in 


•  Fossil  bones  of  quadrupeds  have  recently  been  fonnd  low  down  in  Ibis  brick- 
rarlh  of  Hove  and  Shoreliani,  associated  nilb  broken  sea-sliells  of  existing  species. 
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expressing  mv  belter,  thnt  wliibt  the  water-worn  siibja4:«nt 
pebble-bed  (fig.  7,  b)  was  really  so  formed,  the  overlving  d« 
accumulated  under  entirely  different  plivsioal  conditiDUS. 
very  ])rof>erly  applied  to  the  old  shingle-bed,  the  extdanatioa  of  • 
"raised  beach"  fails  entirely  in  regard  to  theoverlying  drift  and  bmm. 

In  some  of  those  tracta  where  steep  cliffs  or  even  high  hills  slope 
rapidly  seawards,  as  ou  the  south  coast  of  Devonshire,  there  mar  be  ■■ 
difficulty  in  admitting  Mr.  Austen's  explanation*,  vix.  tl  bUr 

due  to  long  diunial  action  produced  taliiscs  on  the  ><  .  -  ,  tW 

materials  of  which  have  covered  some  of  those  beaches  of  wiioar 
8ubse(|uent  elevation  geologists  have  noted  so  many  examples.  I  mitA, 
however,  say,  that  I  caiuiot  admit  the  application  of  that  view  to  tlw 
north-west  coast  of  Devonshire  near  Barnstaple  any  mure  tiuui  to  tW 
Sussex  coast.  Tlierc  Professor  Sedswiek  and  myself  rlmeribettt 
the  very  remarkable  raised  lieaches  of  Baggy  Point  eotered  bjr  mam 
local  drift,  and  showed  how  irregidarly  the  ancteut  sliore-depoait  baa 
been  thrown  up  northwards  until  it  attains  a  height  uf  about  90  fcrt 
above  the  sea.  Such  cases  of  difference  uf  levi-l  within  a  amaU  atea 
cannot  be  reconciled  with  the  view  which  would  conaider 
beaches  as  any  indication  of  the  former  level  of  the  sea. 

Dwelling  no  further  at  present  upon  the  North  Dcroo  i 
I  merely  refer  my  readers  to  the  memoir  in  the  *  Geoiog^eal  1Vaa» 
actions,^  reproilucing  on  this  occasion  the  opposite  woodcut,  f 
used,  to  show  the  analogy  of  this  North  IVvonshirt 
drift  overlying  i-egidar  Ixxls^to  that  of  Brighton*. 

In  Sussex,  at  all  events,  the  wide  spread  of  the  debris  over  llie  kw 
and  undulating  tracts  to  the  west  of  Brighton,  and  itx  relattoaa  In  ikt 
inferior  marine  sliingle-brd,  a^i  well  as  to  the  nearest  chalk-hills,  liaik 
exclude  the  hy|M>tliesis  of  the  diunial  descent  of  nibble  teem  b|k 
ground.  There,  whether  in  the  fonn  of  piles  of  angular  fitnl,  iBBfa 
of  broken  grey- wether-sandstone,  or  masses  of  clav  or  kMun  wiili  aaBi 
included  angular  (lints,  the  varied  accumulation  lies  at  rrr?  Aftliat 
altitudes.  At  the  west  end  of  Brighton  it  rises  frnm  ||o«v  to  ikt 
sunmiit-level  of  the  railroad  and  to  the  highest  windmills,  a  nnle  mi 
a  half  inland.  By  no  imaginable  |>rocess  of  the  longest 
diurnal  action  could  any  [Kirtion  of  this  detritus  bavr  brrn 
derived  during  ages  from  the  low  ehalk-hills.  There  is  i 
of  the  steep  inclined  plane  whiih  is  re<|uired  iu  all  such 
the  hyjKithesis  is  therefore  neceMarily  excluiled.  .\s 
throw  off  the  heaps  of  flints  (or  of  clay  and  sand  with  I 
the  CBS*  may  be)  which  i-over  the  dialk,  the  Utter  b 
deeidy  eroded  and  ebninielr<l,  with  its  fiatum  invgvlariy 
— the  detritus  usually  very  ferruginous  ;  and  without  the  ia4 

*  See  Mrnioir  Un  the  Superficial  AcrtunnlaiioM  of  lit*  CsaHs  of  tks 
Clmnntl,  ite.,  Quirt.  Joum.  Geol.  Sor.  vii),  vii.  n,  118  tt  *ff. 

t  See  l)<*cn|iluin  uf  •   KcimsI  Bnch  ia   Banutaple  or  BUtfcttI  ■ 
Trsiit.  (ipol.  Sor.  N  S.  rtO.  t.  p.  2*9  tl  My. 

t  I  lierr  give  to  the  tubjtrent  rockt  their  proper  term  *■  Onaaiaa 
"  Silurian,"  for  which.  jud|;in([  from  their  rxtrraa]  upcet  sad  llMf 
«er»  nii>ttk('ii  in  the  «e«r  l»iX%.     Set  Meniiitr,  tifirt  ril 
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of  any  such  slungle-bed  as  that  which  agipears  at  the  bottom  of  the 
same  breccia  in  a  jiart  of  the  eoiust-clilV.  We  find,  in  short,  that 
thii  Brighton  Breccia  is  nothing  more  than  a  sharply  fractured  va- 


riety  of  that  general  drift  of  the  South  of  England,  which  has  been 
produced  after  the  formation  of  ail  the  Tertiary  deposits,  properly 
so  called. 

In  the  tirst  cutting  of  the  railroad  from  Brighton  to  Worthing,  very 


3/0 


PROCEEDINGS  or  THE  OEOLOOICAL  SOCIETY. 


fine  examples  of  sinuous  pipes  snd  erosive  cavities  are  seen  ;  aod 
some  which  resemble  dykes  of  iron-sand  are  very  conspicuous.  It  a 
possibly  from  this  iron-ore  that  the  chalybeate  spring  of  Brigbtaa 
rises  near  Furze  Hill  (Wick) ;  and  the  same  masses  supply  raiiieli  of 
the  brick-earth  for  the  construction  of  the  town.  Whether  aatne  vt 
these  masses  belong  to  the  older  tertiary  age,  or  all  to  the  driA-«padi 
under  consideration,  1  do  not  yet  feel  assured. 

Extension  of  the  Angular  Drift  aloiiij  the  South  Dowtu  (teettttmrd). 
— For  forty  miles  to  the  west  of  Brighton,  thi!  surface  of  the  siooe  tt 
the  South  Downs  is  covered  with  myriads  of  lootie  chalW-iliuts  wuieli 
have  been  derived  from  the  subjacent  rock  and  especially  racninber 
the  north  and  south  depressions.  Still  further  to  tlie  south  tkcae 
flints  are  more  fractured  and  constitute  a  zone  of  dri/W  Dtatcmls  in* 
eluding  many  angular  flints,  which  increases  largely  in  width  ••  Toa 
travel  towards  Chichester.  From  the  hills,  slopes,  and  great  plamcf 
flint -gravel  north  of  'Worthing,  through  the  woodlands  and  arable  bad 
of  the  Duke  of  Norfolk's  pro|>erty,  and  from  .\rundel  to  the  tUka  it 
the  Shndon  Hills,  it  directly  covers  the  chalk.  Highly  f« 
loam  and  stiff  clay  (evidently  the  remains  of  the  I'l 
form  the  cement  in  which  fragments  of  angular  flint ..  ji«d. 

descending  from  the  bare  chalk  above  Slindon,  the  detritu*  i*  Mta  t» 
have  accumulated  |)artially  on  the  slopes  to  which  some  stiff  day  ■ 
still  adherent,  and  then  to  lukve  been  tumultiiously  agmgatrd  oa  tlv 
plateau  of  Slindun  Common,  where  the  highly  eroded  sur&er  ot  tht 
chalk  has  been  exposed  by  quarrying  out  the  angular  grai-el  ;  txii- 
biting  much  the  same  appearances  as  in  the  railroad-cuttings  thim 
the  west  of  Brighton,  i.  e.  with  pipes,  cavities,  and  dyk«slike  Tvitiori 
bands  of  drilt. 

The  drift,  in  fact,  here  covers  a  powerfully  erode«l  low  pUtr«a  rf 
chalk,  on  which  clay,  sand,  aud  angttlar  detritua  have  httu  inrgitlariy 
distributed. 

From  the  picturesque  imJulations  at  Ariaford,  which  fortn  iha 
south  edge  of  tlxis  plateau,  for  two  miles  on  tlic  high  road  from  .\iti»- 
del  to  Chichester,  the  detritus  is  eximsed  on  either  side  of  thr  rtMi, 
and  of\en  in  the  form  of  the  so-calK'd  "  Combe  Kuck  "  of  K»i>i  Svtmet, 
wholly  unstratified,  and  in  thicknesses  of  12  to  20  feet,  I  -  '  ^rh, 

here  and  there,  as  in  many  other  partxof  its  rangi',  thi-  .,lat« 

rude  and  irregular  lainination,  and  oocA«ioiutlly  a  sort  of  i>l>li<|Ue  i 
nation.     Near  Westergate  it  rests  on  Kne  sniid.  Viul  for  t)>c  nuMt ) 
is  associated  with  stifle  clay,  Inrth  of  tliem  residting  frontlicl  ^ 

up  of  the  Tertiary  strata.  In  the  gravel-pits  at  .AUillclManMt  iW 
drift,  of  ii  deep  (R-lircoiix  red  cxilour.  rviKises  on  a  liighly  illstwrbwi  tmi 
broken  surface  of  Chalk-with-flints.  The  upper  strata  of  tbr  CtalL 
exhibit  so  nmch  contortion  aud  have  been  w>  much  timnm  abufttaad 

shattered  as  if  bv  powerful  earthquakes,  that  the  ..--.l-"-'  --cdr 

pirture  to  himself  how  a  little  more  force  would  b  mmI 

thrown  off  the  imbedded  flints  into  the  nuwt  ol  <ir'ii  i*  m  oa. 
meruus  other  places  along  the  range  of  the  South  Uowna,  the  mt^ 
f  of  the  chalk  has  been  sharuly  broken  up  and  dernly  a 
cavities  being  filled  up  wiili' reddish  femiginoa*  orat. 
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where,  in  short,  we  read  the  same  lesson,  and  learn  that,  liaving  been 
subjected  to  great  dislocations,  the  hardest  fragments  of  the  Chalk- 
fonnation  have  been  mostly  sliivered  into  fragments  and  piled  up  in 
heaps  in  one  place,  or  poured  tunmltuously  into  caWties  in  another,  or 
interlamiiiated  niJely  with  sand  in  a  third.  The  whole  tract,  ranging 
westwards  by  Box  Grove  Common,  Sloncy-fields,  and  the  slopes  of 
Goodwood  to  the  flat  country  north  and  north-west  of  Chichester, 
and  tbence  extending  by  Stausted  Park,  .'Vhisworth  Common,  and 
llavaiit  to  the  foot  of  Portsdowu  Hill  and  to  Portsmoutli,  is  covered 
with  siuiiliir  dclrital  matter,  including  stitf  elav  and  sand  ;  but  with 
these  are  invariably  fountl  heaps  and  masses  of  angular  chalk-Hints. 
Nowhere  do  rounded  shingle  or  true  pebble-beds  form  part  of  this 
rubbish,  although  I  shall  [)reseatly  advert  to  a  sample  of  such 
rounded  gravel  which  has  had  a  very  diifereut  origin  and  was  formed 
at  a  much  older  period. 

Those  portions,  for  example,  of  the  clay  of  Bere  Forest,  which  are 
also  partially  in  situ,  indicate,  as  at  Newhaveii  on  the  east,  the  bottom 
of  an  old  tertiary  trough  between  the  chiilk  of  the  western  extremity 
of  the  South  Downs  on  the  north,  and  the  chalk-outUer  of  Portsdown 
Hill  on  the  south. 

The  zone  of  coarse  fluit-brecc ia  in  the  south  of  Sussex  has  an  cast 
and  west  range  coincident  with  that  of  the  South  Downs,  and  through- 
out the  tract  west  of  Arundel  its  northeru  edge  is  not  less  than  six 
miles  distant  from  the  present  sca-sbore. 

In  some  spots  it  rises  to  a  certain  altitude  on  the  slope  of  the  South 
Downs,  particularly  between  Slindon  and  Goodwood ;  but  its  chief 
masses  have  been  lodged,  as  at  Slindon  Common,  in  the  flatter  ground 
nearest  to  those  hills,  and  have  not  been  trans]iorted  far  from  the 
sources  of  tlieir  origin. 

The  broad  coast-flats  of  Little  Hampton  and  Bognor  have  all 
been  more  or  less  overspreiul  with  detritus,  which,  although  of  very 
different  value  to  tlie  agriculturist,  has  had  precisely  the  same  origin 
as  the  jmre  angnlar-fliiit-breccia  of  the  hill-sides.  No  line  of  sepa- 
ration can  be  drawn  between  the  many  flints  with  reddish  clay,  and 
the  few  flints  in  copious  masses  of  clay,  loam,  sand,  &c.  This  plain  of 
rich  arable  land  is  chiefly  com|)osed  of  the  breaking-up  of  the  Plastic- 
clays  and  sands,  and  of  the  London-clav,  mixed  together  irregularly. 
But  these  materials  are  interspersed  with,  and  also  slightly  overspread 
by,  angular  chalk-flints.  Instead,  however,  of  being  dominant,  as  on 
the  higher  slopes  of  the  South  Downs,  the  angidar  flints  are  much 
more  sparingly  distrilmted  through  this  clay  or  loam  of  the  low  coun- 
try. In  truth,  any  one  who  will  examine  the  deep  ditches  north  of 
Bognor*,  or  the  little  portion  of  low  difl^  which  is  left  at  the  west  end 
of  that  bathing-place  f,  will  see  that  the  detrital  matter  is  exactly  of 

•  In  justice  to  Laily  Murchison,  I  must  state  that  many  years  ago  she  detected 
in  the  cuttings  of  the.  bluish  drift  of  the  flats  east  of  Uognor,  and  also  near  Angle- 
sea.  Gosport,  many  fragments  of  existing  sea-shcUs  in  inland  situations,  consider- 
ably removed  from  the  present  shure.linc. 

t  A  careless  obsener  might  sup|)Ose  that  romir)  shingle  formed  some  part  of  the 
argillaceous  drift  in  this  low  cliff  at  {lugnor.  The  pebbles,  however,  which  are 
partially  seen  are  only  external,  and  have  been  driven  up  by  the  present  lea. 
Within  the  mass  every  flint  is  more  or  less  angular. 
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the  game  composition  as  that  of  Brunswick  Square  and 
Brighton,  previously  deseriheJ.  At  all  the  localities  along 
which  are  flat  and  lar  removed  from  the  chalk-hills,  the  chief  ■ 
of  the  re-Bjfgregated  materials*  have  been  derived  from  thr  Tcvta 
fonnations,  the  harder  parts  of  the  latter  now  only  remainiDg  an  t 
gea-shore,  ns  in  the  Bognor,  Middleton,  and  Oar  rocks  ;  or  : 
partial  cliffs  as  at  Bracklesham.  Wherever  vou  examine  this  i 
whether  it  he  ou  the  external  slope  or  talus  of  the  cludk-biJ 
the  broad,  slightly  inclined  flats  extending  to  the  sea,  yi>a 
whatever  may  have  been  the  materials  acted  U|iun,  tlier 
been  violently  broken  up,  and  gatlu-re«l  tumultuinislv  and  wit 
symptom  o(  having  been  subjected  to  ordinark'  tidal  OiMat>actMO 
produce  stratification,  or  long-continued  aipieuus  abranoa  to  foi 
the  flints ;  nor  do  they  anywhere  contain  marine  remains,  rxrrpt  wfa 
the  detritus  has  been  shed  off  into  the  low  situatiuu,  at  IIu«r,  and  I 
there  encroached  upon  the  sea-level.  All  this  drift  I  conaidcr  to  k 
been  shed  off  from  north  to  stjuth,  and  to  have  been  fonnMl  eiM 
dently  with  the  fliiit-dril\  descril>ed  as  lying  betneeu  the  eoaupoMM 
the  South  Downs  and  the  central  dome  of  the  Wealden. 

Hound  Trrtiary  Sfiin</le  on  the  South  Itotcnt. — The  ovlj  dccil 
exception  to  the  complete  denudation  of  the  tertiary  rurks  tlirmig|» 
the  slopes  of  the  South  Downs,  with  which  I  am  acqtiainted.  in  mi 
tion  to  the  well-known  example  at  Newhaveu,  is  a  l<H-al  accumnlal 
of  rounded  gravel  (within  the  range  of  the  chalk  in  tttm)  to  mti 
mv  attention  was  direotinl  by  Sir  II .  (loriiig  and  I^)rd  Edward  HiMi^ 
Tne  chief  mass  is  at  Clapham  Common,  half  a  mile  east  of  I^tdij 
and  in  the  angle  between  the  old  Anmdel  and  Brightoa  nmi  I 
that  which  traverses  to  Horsham.  Then-  it  hits  Ufa  looc  mai 
for  gravel,  and  is  asMH-iatcd  with  much  teiutcioaa  mottlra  dagr, 
tensively  used  as  hriekH-arth.  On  examination,  it  ia  "*  '  "' 
this  clay  and  gravel  deposit,  lying  as  it  dors  about  thret  I 
at  al>ovit  I.'>0  or  '200  feet  alH)ve  the  sea,  and  spread  ortrsl 
in  a  depression  of  the  chnlk-hills,  ctnM  not  br  ronaiderad  in  the  ti 
of  a  raised  bearh,  like  that  at  Brighton,  but  mtut  brinng  lo  aa  a 
tertiary  e|>och  ;  in  other  words,  to  the  |)ebble-l>etls  of  the  PiMtio  a 
(or  \V(X)lwieh  Beds).  One  or  two  layers  of  these  nninded  prbhiea  B 
a  slightly  undulating  stratification  in  the  clay  ;  but  their 
portions  have  been  since  re-aggregatetl  in  hea{Mi  which  ctn-cr  tl 
Not  a  single  angular  fragment  of  chalk  or  flint  is  mixed  up 
pebbles  or  with  the  clay,  except  thoae  which  may  hare 
the  thin  coating  of  augidar  drilt  which  orerliM  them.  The  i 
iu  sliort,  is  such  as  it  was  or  >in;ra(at«d  on  the  m 

of  the  rbalk  when  the  trr'  were  fonned  bv  aea  mat  ij 

action.     Although  in   my  xJAit  I  lietccted  no  foanlt  in  it,  I  h 
no  doubt,  from  the  nature  of  the  clay  >nd  Mnd  and  the  fint  i 
]>ehblc»  (exclusively  rouudetl  rhalk-flmts),  that  it  iatralvai 
the  I'Ustic-<'Iay  fonnatitm  ih  ntu,  whirh  haa  rc«isted 

*  Tlic  Drift  St  llrseklFthtiu  eaaioim  BltpkaatMMlm. 

t  SihkiiiK  rxanipln  uf  thtt  raJstaaM  M  dnadiitoo  are  ■«• 
of  tlir  liilU  iif  rlialk  in  Sali%bury  l*l*io ;  at  •!  v 
Quwle)  Mtmiit,  Tliumrj  IHiwn,  m4  CUirbun.  all  o 

•nd  hifhly  ruunded  pcbtilci  at  cliaUi.ahrti.-.(0«tabo  lUL] 


m 
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Lying  in  a  gently  sloping  common  from  which  the  chalk-hills  rise  up 
to  the  north,  these  pebhle-lieds  are  cr«nplctely  shut  out  from  the  sea- 
coast  by  the  ftdvaiiceci  chalk-hill  called  the  "  Miller's  Tomb,"  which, 
acting  as  a  buttress,  has,  I  conceive,  checked  the  outscouriug  or  de- 
nudation which  has  swci)t  away  and  re-aggregated  the  greater  portion 
of  the  tertiaries  along  tliis  tract,  and  has  so  powerfully  eroded  the 
surface  of  the  chalk  and  shattered  its  flints.  Tlie  raised  sea-beach  at 
Brighton,  which  is  proved  to  he  very  modern  by  the  reniauis  of  existing 
sea-shells  and  cetacean  boiies,  as  well  as  by  some  portions  of  ter- 
restrial quadrupeds,  which  were  found  in  it,  together  with  foreign 
pebbles,  differs  very  greatly  in  com[)osition  and  emiteuts  from  this  old 
tertiarj'  deposit ;  although  the  well-rounded  flints  of  each  are  scarcely 
to  be  distinguished,  and  both,  resting  on  eroded  chalk,  are  covered 
by  the  angular  dritt.  The  tertian,'  clay  of  Patching,  which  is  an  ex- 
tension of  the  dejiosit  of  Clajihara  Common,  siijiporta  the  large  pond 
of  Patching  ;  no  other  such  extensive  piece  of  water  being  met  with 
upon  the  surface  of  the  chalk. 

Detritus  of  the  Hampshire  Chalk  Ranye  and  of  the  North  Downs, 
as  distributed  towards  the  Weald  and  orer  the  Tertian/  Deposits. — 
The  ehaJk-esearpments  which  unite  the  South  Downs  with  the  North 
Downs  are  for  the  most  part  clean  denuded  along  their  base  (Frox- 
field  and  Selborne  Hangers).  Like  the  South  Downs,  however,  from 
which  they  branch  off,  they  are  subtended  by  coatings  and  irregular 
patches  of  fluits  which  cover  the  eroded  surface  of  the  hills  of  Lower 
Greensand  which  lie  nearest  to  them.  Thus,  whilst  the  terraces  of 
Upper  Greensand  and  valleys  of  Gault  are  for  the  most  [lart  denuded, 
the  sandy  tracts  near  Liss  and  Greatham  and  the  white  sands  of 
Woolmer  Forest,  like  those  of  West  Heath  and  Trot  ton  Common, 
have  arrested  considerable  heaps  of  them.  Here  again  the  debris 
is  purely  chalk-flint,  probably  derived  from  the  same  great  angle  of 
the  fractured  and  denuded  clialk  west  of  Petersfield  before  alluded 
to.  The  debris  may  here  have  been  translated  from  South  to  North, 
in  the  depression  between  the  Selborne  Hangers  and  the  highest 
parts  of  Woolmer  Forest.  No  fragment  of  these  flints  ha.s  been 
translated  to  the  sides  of  the  higher  grounds  further  removed  from 
the  Hampshire  or  north  and  south  escarpment  of  chalk.  Wlieu  the 
great  Wcalden  denudation  is  viewed  near  its  western  end,  as  the  ol*- 
server  moves  along  the  high-road  from  Portsmouth  to  Ix)ndon,  tlie 
grounds  occupied  by  the  Lower  Greensand,  already  described  at  Rake 
Common  {see  above,  p.  337),  are  seen  to  rise  considerably.  That 
fonnation,  as  indicated  by  Dr.  Fitton  and  myself,  attains  in  fact  a 
greater  elevation  in  Hind  Head  (87:^  feet)  than  in  any  part  of  its 
range,  except  in  the  eastern  prolongation  of  the  same  rtilge  to  Leith 
Hill,  which  is  y(iO  feet  above  the  sea.  Whether  the  summits  of 
these  hills,  or  the  deep  combes  within  them,  be  examined  (and  of 
these  the  Devil's  Punch-Bowl  is  the  most  notable  example),  they  are 
found  to  be  free  from  all  loose  transported  materials,  and  denuded 
down  to  the  surface  of  the  rock,  which  is  only  partially  covered  by 
a  very  scanty  soil  and  a  meagre  vegetation  of  heath.  No  sooner, 
however,  do  we  move  north-westwards  towards  the  escarpment  of 
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the  Ilog's  Back  and  approach  the  depression  in  the  Cluilk- 
Fnmhain,  than  much  debris  is  fouua  occupying  mounds 
side  of"  the  river  AVcy. 

At  this  north-western  angle  of  the  great  denuihition — i.  c. 
tract  lying  between  the  forest  of  AHck  Holt  on  the  soatli-vcst, 
Faniham  and  the  Ilog's  Back  on  the  north-east,  imroenM-  qwnatitM 
angular  and  highly  shivered  ehalk-ilints  are  spread  out  ,  not  only  ( 
the  hillocks  of  Lower  Grtn-nsand  on  the  right  Ijank  of  ihe  W«y  I 
Wrackleshain,  but  are  distriixited  over  the  GauU  of  the  breaid 
elevated  plateau  of  AUce  Ilolt,  where  I  long  ago  noticed  them*. 

Copious  accumulations  of  these  are  also  ex|>osed  ou  tbr  r 
descending  from  Wrackleshaui  to  the  Wey,  and  «lill  better  in  Uiei 
railroad  cuttings  from  rarnhain  to  Alton.  The  flints  are  tttmnltai 
ly  piled  together  and  sharply  fractured,  and,  mixed  up  with  fit 
of  chert  and  clinkers  of  the  Lower  Ureensand,  are  lodeed  oa 
irregularly  eroded  surface  of  that  formation.  Thence  tney  est 
along  the  hillocks  and  slopes  on  each  lutnk  of  the  Wry  caatwi 
for  the  space  of  three  or  four  miles.  I  cannot,  in  any  way,  arpai 
the  flint-drid  of  Alice  Holt  ]>lateau  and  Wraeklesftam  froa  I 
of  the  hillocks  on  the  sides  of  the  Wey,  in  which  the  IWH 
of  fossil  mammalia  have  been  found  ;  for  there  it  a  perfed  '■»inMm 
between  all  these  detrital  nrruniulatinns.  Nor  can  I  diaaoeiat*  ft 
the  same  drift,  the  heaps  of  flint-debrU  and  gravel  which  i 
out  northwards  from  Farnhnm  over  the  surfarrof  (he  clays aadl 
of  the  western  jwrtion  of  the  I^indon  Tertiary  batiii.  Fnr». 
debris  which  has  been  translated  to  the  surface  of  the  oLlcr  i 
the  escarpment  side  of  the  chalk  is  purely  local,  so  (hat  whidl  1 
passed  to  the  north  has  local  dtstitietioiiit  only.  Thus,  (o  the  aa 
of  Faridiam  and  the  Hog's  Back,  we  find  not  merely  the  brokra  cha 
flints  in  the  drift,  as  derived  from  the  adjacent  ridges,  hut  alanhlgl 
rounded  flints,  all  of  which,  like  those  of  Patching  on  the  Sn 
Downs  (p.  37-).  have  been  deuude<l  from  the  pebblr-bed«  of  the  1« 
tertiary  clays  and  sands,  and  are  ass<x-iated  with  some  fragnwatl 
the  grey-wether  grit.  Both  the  latter  liave  hr«n  abatnctcd  ftl 
the  subjacent  and  denuded  formations  in  nil-.  In  prtmactia^l 
deed,  as  you  recede  northwanls  from  the  ehalk  of  the  tlag'i  Bi 
and  North  Downs,  and  descend  over  the  tertiary  clays  and  m 
ranging  by  FrimK-v  to  Bagsliot  Heath  and  (he  hilU  north  and  wtal 
Windsor,  the  angular  chalk-flints  are  seen  to  become  scarcer  mmI  ( 
rounded  |K-I>bles  more  abundant,  the  latter  bemg  derived  Amai  tksi 
tensive  dismemberment  which  the  tertiarj  beds  have 
well  as  the  snbjncx'iit  and  flankin;;  chalk-ridgCit.  Wlie 
the  Lonilon  t'lay  have  arrested  these  drift-amimulationa,  ; 
Bin6eldt,  thev  are  as  tumultuous  and  A  aa  anr  dcaeriheS! 

the  external  slo|ie  of  the  South  IXjwii'-  lie  at  all  nfta  ef  ■] 

tudea,  from  the  banks  of  the  Thames  to  the  heights  aroand  Panfai 


■ndaj 


nadasBM 
ererer  ^^H 
oa.  aafli 


•  Tnni.  GmI.  Soc.  l^iail.  N.S.  vol.  ii.  n.  100. 

t  In  manjr  pant  uf  (hit  gravel,  whrrc  tnr  niUie  of  inin 


hav*  been  so  oanentad  as  «o  form  i  ver;  hard  rock. 
•qainUat  of  the '  Oa«ba  Rock '  of  Sqhwi  (MM).  ( 
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But  to  return  to  the  escarpment  of  the  North  Downs.  In  look- 
ing at  the  fracture,  dismenibcrnieiit,  and  great  denudation  of  the  chalk 
and  tertiary  strata  near  Famhaiii,  we  have  before  us  a  very  adeijuate 
cause  to  explain  the  abundant  local  dtstribittion  of  such  detritus.  In 
short,  the  angle  which  the  North  Downs  here  makes  with  the  Hamp- 
shire or  Selbonie  escarpments  has  probably  been  tbe  scene  of  still 
greater  rupture  than  that  to  which  allusion  has  been  made  to  the 
west  of  Petersficld,  where  tlie  latter  range  is  confluent  with  tbe  chalk 
of  the  South  Downs. 

In  looking  to  the  present  drainage  of  the  county,  and  in  perceiving 
that  the  western  tributaries  of  the  Wey  flow  along  the  .south  side  of 
the  Ilog's  Back,  or  parallel  to  the  axis  of  the  chalk-ridge  on  the  one 
hand  and  to  the  Wcalden  on  the  other,  we  have  before  us  somewhat 
of  the  same  geographical  feature  as  that  befliru  described,  on  the  other 
side  of  the  great  Wealden  axis,  where  the  river  llother  flows  from  a 
depression  in  the  chalk  west  of  Petersfield. 

For  some  miles  between  Fnmbam  and  the  environs  of  Godalming, 
I  am  not  aware  of  the  existence  of  any  dritl ;  but  the  Lower  Greeu- 
sand,  particularly  that  portion  of  it  which  is  charged  with  iron- 
stone-baiitls  or  "  clinkers,"  has  been  powerfully  denuded,  and  is 
always  near  the  surface.  In  proceeding  farther  eastwards  along  the 
longitudinal  depression,  leaving  the  hills  of  chalk  on  the  north  or  leA; 
hand,  /.  e.  to  Compton  and  (Jodalming,  we  reach  tbe  depression  called 
Pease  Marsli,  where,  owing  to  a  former  excavation,  to  which  I  do 
not  now  refer,  the  whole  of  the  greensand  which  surrounds  it  was 
removed,  and  the  Weald  Clay  first  denuded  and  afterwards  covered  by 
copious  accumulations  of  gravel  and  clay.  That  the  Weald  Clay  con- 
stituted, at  the  period  of  the  spread  of  the  debris  under  consideration, 
a  true  terrestrial  surface*,  was  first  suggested  by  Mr.  Austen,  who 
has  detected  thereon,  and  beneath  all  the  detritus,  stumps  and  stems 
of  forest-trees,  the  former  vertical,  and  as  if  in  a  growing  position. 

As  the  detritus  of  Pease  Marsh  occasionally  presents  somewhat  of 
stratified  appearances,  more  indicative  of  regidar  de]>osition  under 
water  than  the  drifted  materials,  to  which  allusion  has  already  been 
made  ;  and  as  Mr.  Austen,  who  recently  pointeil  out  to  me  the  leading 
features  of  the  depositf,  entertains  opinions  respecting  the  origin  of 
this  detritus  differing  from  my  own,  I  beg  permission  to  enter  into  a 
little  detail,  the  more  so  as  a  communication  formerly  made  by  my 
friend  to  the  Geological  Society,  and  relating  to  this  very  point,  has 
never  been  communicated  to  the  public. 

The  patch  of  detritus  in  question  is  not  merely  confined  to  the 

*  Vide  lupra,  p.  288.  In  conseqaence  of  thia  Memoir  taking  ita  place  at  the 
end  of  the  present  volume  (iu  publication  liaving  been  unavoidubly  deferred),  and 
Mr.  Auslcn's  Memoir,  On  the  Valley  of  the  Wey,  at  well  aj)  the  Papers  on  the 
Folkestone  Bone  lied  and  the  Sangatte  Cliff,  by  .Mr.  Maekie  and  Mr.  Prcslwich 
resjieclively  fin  each  of  which  Memoirs  detailed  accounts  are  given  of  phici.oment 
alluded  tu  in  the  present  Communication),  hsTing  already  ap|H-ared  in  the  Quar- 
terly Journal  of  the  Society,  references  are  here  made  to  the  above-meotioned 
Papers  whenever  required. 

t  See  the  Memoir  alluded  to  in  the  preceding  note ;  read  June  25, 1851.  Vidt 
n^a,  p.  278  et  ffg. 
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lowest  part  properly  called  Pease  Marsli,  but  rangtrs  tVum  Complaa 
and  Godalmiug  ou  the  west,  by  Cliilworlh  to  W'«itou-atn*t  aal 
Albun,'  ou  the  east,  a  distance  of  about  six  miles.  Its  widtli,  dcjimii 
ing  on  the  form  of  the  ground  a:id  the  snrmiuidiii);  liilla,  cocuncts 
from  a  breadth  of  about  two  miles  front  north  tu  south,  near  G«iai> 
miug,  as  pointed  out  to  me  on  the  sp<it  by  Mr.  .\ustMi,  to  •  vnr 
narrow  band  in  the  louptudinal  valley  of  the  Tillingbonme  htmm 
near  Albury ;  whilst  in  the  tran-sverse  depression,  extruding 
wards  from  Guildford  into  the  Weald  (the  line  of  the  SufTty  ■ 
Susses  Canal),  it  has  a  breadth  of  nearly  four  miles. 

In  the  lowest  portions  at  Pease  .Marsh,  where  tliis  drift  M  I 
through  by  the  liranch-railroads  to  Go4lalniing  and  lieigMte*  k 
covered  by  much  elav  and  loam  ;  but  neither  in  the  one  mim  nor 
the  other  could  I  discover  better  proofs  of  stratitication  tium 
occasionally  to  be  seen  in  the  gravel-deposits  of  Hyde  I'ark  and 
sington.  The  chalk-flints  are  of  all  sizes  and  colours,  tome 
and  others  somewhat  abraded  ;  and  with  them  arc  aMociated 
rous  flattened  fragments  of  the  "  clinkers  "  of  the  Lfiwcr  G 
and  rarely  a  piece  of  the  grey-welher-sandstone  of  Tertiarr  agt.  S* 
of  these  materials  have  be<-n  fashioned  into  true  shingle,  and  nan*  of 
Ihciii  can,  I  tlunk,  have  been  accuiimlated  in  a  bay  uf  a  former  ar* :  fat, 
although  some  marine  acciinnilations  may  have  suclt  irregular  ■piuM 
ances,  the  materials  could  scarcely  have  been  collected  iu  a  fiord  €ir  hmf 
without  having  some  fragment  of  a  marine  shell  among  them.  At  a  few 
spots,  just  as  around  and  tuider  I^ondon,  some  sandy  nortiOTO  ot  iW 
mass  are  dovetailed  iu  oblique  laminae  in  lines  of  falaMedding  aaoag 
the  flints,  which  as  a  whole  naturally  he  in  more  or  Ie«  IxniMMM 
masses,  and  in  conformity  to  the  sha|)o  of  the  ground  oo  which  th^ 
rest.  The  remains  of  extinct  Elephants,  Stags,  and  nthar  ioat  aacM 
of  mammals,  which  have  long  bei-n  known  to  prevail  h«rF,wmfbaBd 
usually  (at  least,  according  to  Mr.  Austen,  all  the  most  prrfict  f«> 
mains)  in  the  lower  part  of  the  stony  detritus,  or  bnK«th  it  tmd 
incumbent  on  the  subjacent  Weald-cUy,  to  which,  as  brfore  iiif  iitiniMJ. 
trees  arc  still  adherent. 

In  ita  southern  extension,  or  towards  the  Wralilen,  this  drift  eam- 
tinues  to  be  covered  with  the  same  mass  of  uustratilied  day  akaig 
Poundstoue  brook,  and  ri>cs  gradually  tu  the  vdlagr  uf  Wuomh,  ta 
which  point  chalk-flints  accompany  it.  But  wheu  fnlluwvd  atill  (mh 
ther  southward,  the  drift  changes  its  character,  and  iustcwd  of  chalk* 
flints  we  fiud  in  it  (at  a  still  higher  level  iu  the  low  hilla  Mmth  of  th» 
Wonersh  turnpike-gale)  exclusively  the  hartl  debris  of  the  Lower 
Greeusaud ;  the  surface  of  that  rock  having  bc«n  eroded,  and  ila 
cavities  filled  with  the  detritus  of  its  own  haroieTparto. 

In  pursuing  this  drifl  eastwards  from  Pcair  .Mar^'  '  ''Torth  to 

Albury,  it  contains  chalk-flints  all  the  way,  and  ia  »<  i  nauMT 

to  rise  tu  some  height  above  the  prcM-nt  wataroooiM^  '■■■■^^fni^ 
sloping  mounds  of  alKiut  half  a  mile  in  width,  in  loiiit  of  «rhu4>  li^ 
calities,  and  particularly  near  Weston-strevt,  the  mixe<l    '  :aa, 

where  coagulated,  is  scarcely  to  be  distinguished  from  u 
Rock  "  of  Sussex. 
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In  asrending  a,  tributary  of  the  Tillingbonnie  to  the  south  of  Al- 
bury  Heath*,  I  permvt-il,  that  whilst  the  summits  and  8lo])es  of  the 
hills  of  Lower  (irt'cnsaud  were  there  entirely  denuded,  the  little  up- 
land valley  (as  ex|)osed  by  deeji  drains)  is  filled,  from  side  to  side,  with 
coarse  debris  of  the  harder  beds  of  the  surrounding  formatiou  (ehert, 
clinkers,  &c.),  but  void  of  clialk-flints. 

In  looking  to  these  faets,  and  to  the  distribution  of  the  rock-masses 
and  the  form  of  the  country,  we  tiiny,  I  think,  apply  nearly  the  same 
reasoning  as  to  the  eniiroas  of  Petersficld  and  Pulborongh.  That 
the  mass  of  the  drift  aceuiiiulated  in  Pease  Marsh  and  the  valley  of  the 
Tillingbourne  proceeded  from  the  nearest  great  fractures  in  the  chalk 
and  greeiisaud  admits,  I  think,  of  httle  doubt.  Thus,  the  clinkers 
that  constitute  one  half  of  the  detrital  matter  have  been  washed  in 
from  the  surrounding  hills  of  Lower  Greensand.  The  mass  of  the 
flints  imiy,  indeed,  have  been  well  derived  from  the  narrow  impei»d- 
ing  broken  chalk-ridge,  aiid  the  fissure  by  which  the  Wey  escapes. 
For  here,  as  in  parts  of  the  Sovith  Downs,  there  is  e\ndence  of  anti- 
clinal elevation  aa  well  as  transverse  fracture,  to  which  Mr.  Austen 
called  my  attention,  and  by  which,  in  one  spot  near  St.  Martha's 
("Impel t,  the  (Jault  is  thrown  up  in  a  mural  form,  together  with  the 
Chalk.  The  few  frngments  of  grey-wether  or  tertiary  sandstone  which 
occur  in  the  drift  are,  I  have  no  doubt,  remnants  of  a  former  cap- 
ping of  the  adjacent  chalk-ridge  at  Guddford. 

Again,  when  we  move  8o\ithward»  into  any  adjacent  depression,  we 
find  that  the  only  debrijs  is  that  of  the  grcensandstone  of  the  adjacent 
and  surrounding  formations.  Thus,  1  re])eat,  that  we  here  have 
pretty  umch  the  same  results  of  longitudinal  and  transverse  fractures  of 
the  adjacent  rocks  along  a  west  and  east  zone,  as  we  have  in  the  south- 
western extremity  of  the  region  or  other  side  of  the  great  axis. 

Under  such  circunistaiices,  and  particularly  when  1  see  this  drift 
at  Albury  and  on  the  sides  of  the  Tillingbourne,  and  again  to  the 
south  of  Wouersh,  mounting  to  heights  of  60  and  70  feet  above  its 
level  in  Pease  Marsh,  1  can  neither  admit  that  it  could  have  been 
accumulated  in  a  lake,  nor,  in  looking  to  the  exclusively  terrestrial 
remains  which  are  found  in  the  deposit,  can  I  believe  that  this  was 
an  estuary  of  a  former  sea.  Anyone  who  examines  the  highly 
eroded  surface  of  the  chalk,  and  the  fractured  tertiary  detritus  above 
Merrow,  and,  )iassing  over  the  summit,  descends  into  the  beautiful 
valley  of  the  Tillingbourne,  whether  near  Chilworth  or  at  Weston- 
street,  but  particidiirly  at  the  latter,  will  see  what  t|uantities  of 
shattered  chalk-Hints  are  even  now  lying  dislodged  from  their  na- 
tural [(osition,  and  overlapj>ing  successively  the  escarpment-edges 
of  the  Lower  t'halk  and  Upper  Greensand.  A  very  little  more 
trans])ort  down  the  steep,  in  an  ancient  condition  of  things,  and 
when  the  depressions  were  occu[)ied  by  broad  bodies  of  water  up- 
wards of  20()  feet  above  the  present  drainage,  and  they  would  be 
aggregated  in  the  depressions  hke  the  "  Combe-rock"  at  Weston- 
street.      I  am  disposed,  indeed,  to  thuik  that  a  low  imperfect  anti- 

•  In  company  with  Mr.  H.  Drumniond,  M.P.,of  .\lbury  Park. 

t  The  Lower  (Jrecnsand  al  St.  Martha's  Chapel  is  580  feet  above  the  sea. 


378 


< 


PROCEEDINGS  OF  THE  GEOLOGICAL  SOCIKTV 


cUiiul,  to  which  Mr.  Austen  directed  my  Mtcntion,  uid] 
along  the  Grecnsand  from  Chilworth  to  Weston-street, 
explain  the  shedding-oiT  of  some  of  the  coarse  detritus  of  that  6m 
tion,  and  serve  to  account  for  the  unusual  quautity  of  rubbiak 
the  lower  part  of  the  depression  at  Pease  Marsh  *.  The  bearj  ■ 
of  uustratified  clay  hy  which  the  whole  is  covered,  brings  it  diataat 
into  the  same  category  aa  the  bone-prescning  loam-ari/i  of  oti 
j)lacc8. 

In  this,  as  in  all  the  other  tracts  hitherto  deicribed,  I  mt  fil 
chance  of  being  able  to  separate  the  dntt,  which  'u  more  or  I 
loose  ou  the  sides  of  the  hills,  from  that  which  has  been  cnnrntcdi 
aggregated  in  combes  and  hollows,  and  in  the  lower  parts  of  wU 
the  fossil  animals  have  for  the  most  part  been  entombed.  Such  mm 
have,  indeed,  been  occasionally  found  considerably  abo\r  the  loi 
tracts.  One  example  has  already  been  cited  on  the  Dowus  of  Diigbti 
and  another  was  mentioned  to  nie  by  Mr.  Austen,  who  wm  iueaiBH 
with  Dr.  Buckland  when  the  latter  discovered  the  bone  of  •  I 
noceros  in  loam  ou  the  side  of  the  Greensaiul  escarpmcut,  aad  atM 
height  above  the  massive  slopes  of  drift  on  the  banks  of  lltt  tVib 
bourne.  I  believe,  then,  that  the  detritus  in  and  around  Pease  Mai 
was  chiefly  the  result  of  disturbances  of  the  adjacent  stuta,  wii 
broad  and  torrential  bodies  of  water  were  moved  alone  mdv  I 
escarpment  of  the  North  Downs,  and  translated  the  draris  into  | 
tural  depressions.  Admitting  tliat  the  dotrital  grarrl  offers  el 
signs  of  having  been  accumulated  under  water,  1  cannot,  in 
casional  transverse  lamination  of  the  sand,  see  any  pnwf 
accunmlations  were  not  made  to  a  great  extent  iu  the  i 
as  the  lirighton  breccia.  If  these  false  loininif  or  ob 
were  formed  by  the  sea,  they  must  be  assumed  to  afford 
of  a  shore-de])osit.  At  all  events,  such  false  stratilicatiuu  is 
seen  where  the  associated  sand  and  pebbles  indicate  lougH 
abrasion  and  rolling,  which  is  certainly  nut  the  case  iu  ibe  6tpt 
under  consideratiou. 

In  this  case,  a  drifting-aetiou,  which  swept  the  debria  of  tbe  a4 
cent  hills  into  the  hollow  of  Pease  Marsh,  mi^t  leave  then  to  mt 
down  during  a  pretty  long  time,  there  being  no  egitm  for  tbr  «al 
except  by  the  narrow  gorge  of  Guildford.  It  may  also  b*  wrD  ia 
gincd  how,  in  this  ponding-back  of  the  waters,  the  coarwr  and  hm 
materials  would  Ik-  collocated,  just  as  we  now  find  thrm,  aad  ho*  I 
stiff  loam,  resulting  from  the  tiual  settlement  of  the  smaller  partia 
of  matter  in  the  turbid  water,  would  naturally  form  the  <<i>Tnia| 
the  stony  debris.  It  is  this  thick,  imprmou*,  superficial  clav  wG 
has  protected  the  bones  of  the  large  anmials  from  atmospbrnc  acci 

and  decay ;  wliilst  the  ahuiidoii >f  Ixmes  iu  soch  boUowa  cu 

uiily,  I  imagine,  satisfactorily  expUiuetl  by  luppuotng  tbal  the  aaia 
were  drifted  into  these  depressions  and  entombed  beneath  ihr  auai 
detritus. 

•  Mr.  AiutealbrllMri|Mketo  neo<>TUeoeeh«hadta 
(raetun*  hare  oeenfrsd  along  thit  toU*;  sine*  tht 
gr»»«l. 
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Before  I  quit  the  consideration  of  IIik  Guildford  district,  1  may 
say  a  few  more  words  on  the  outward  slopes  of  the  North  Downs*. 
It  does  uot,  however,  appear  to  me  that,  with  the  excejition  of  the 
portion  of  the  North  Downs  where  the  chalk  is  reduced  to  a  narrow 
and  inclined  ridge,  vix.  tlie  llog's  Back  and  the  tracts  cast  and  west  of 
Guildford,  there  has  been  almost  the  samo  amount  of  shattering  of  the 
flints  which  is  observable  on  the  slopes  of  the  South  Downs,  between 
Bcachy  Head  and  Portadonn  Hill.  On  Guildford  Kace-course,  and 
jiartieularly  above  the  villages  of  Mcrrow  and  Clandon,  the  surface  of 
the  chalk  has  indeed  been  powerfullj-  atfccled,  and  millions  of  loose 
and  half-fractured  Hints  form  masses  which  have  been  iu  great  measure 
purged  of  their  original  chalky  matrix,  and  are  lying  in  a  loosely-aggre- 
gated state,  as  if  ready  to  be  translated  into  combes  and  depressions. 
Nearer  the  escarpment  the  erosion  has  been  still  njore  violent,  and 
deep  |)its  and  holes  in  the  chalk  are  tilled  iip  with  broken  flints  and 
the  rubbish,  resiUtiiig  from  the  abrasion  of  the  tertiary  and  overlying 
strata,  all  tiniiukuonsly  ])iled  together.  Nevertheless,  few  of  these 
Bints  present  the  same  sharply-fractured  features  which  characterize 
those  of  the  Brighton  breccia,  and  for  the  most  part  they  consist  of 
partially-fractured  lumj»s,  the  original  concretioanry  form  of  which  is 
stiO  visible.  Again,  in  descending  upon  the  fine  long  tains  which 
slojies  down  from  the  villages  of  Merrow  and  Claiulon  to  the  lower 
country  of  Send,  Uipley,  and  Woking,  the  Tertiary  clays  and  sands 
do  not  exhibit  on  their  surface  ariytliing  like  that  amount  of  flint- 
drift  which  characterizes  the  southern  slope  of  the  South  Downs,  the 
angidnr  flints  being  very  small  and  sparingly  tUstributed,  except  at  a 
few  localities,  where  they  are  sutHciently  abmidaut  to  be  sifted  out  of 
the  sand  aiid  used  as  gravel. 

In  following  the  line  of  the  railroad  from  Alhurj-  to  Dorking,  I 
observed  angular  chalk-fliuts  on  the  surface  of  the  whitish  sands  of 
the  Lower  Greensand.  Near  the  summit-level  of  the  railroad  near 
Gomshall,  they  lie  in  detached  jiatches,  though  not  in  the  same  volume 
as  on  the  sand-hills  of  the  same  age  near  Petersfield.  Now,  as  no 
streams  have  ever  descended  over  these  hills  of  sandstone,  since  the 
])resent  configuration  of  the  land  and  desiccation  of  the  country  were 
eflectcd,  I  equally  refer  them  to  the  same  agency  of  drift  as  that  wliich 
swc]it  greater  volumes  of  them  into  the  adjacent  hollows. 

In  sonic  ])laces  where  the  sand  passes  into  a  state  of  sandstone  or 
rock,  its  surface  is  seen  to  have  been  ertxled  and  its  cavities  filled  in 
with  the  flint-debris,  just  in  the  same  maimer  as  that  by  which  the 
Chalk  has  been  affected  ;  and  of  this  Dr.  Fitton  has  cited  a  good  ex- 
ample west  of  Dorking  in  this  very  tract  f.     No  sooner,  however,  do 

*  I  do  not  profess  to  have  mucli  examined  tlie  surfaces  of  the  broad  niissefi  of 
cbfltk  which  evtcnd  from  the  North  Downs  over  Kent ;  but  it  is  well  known  that 
a  great  ]wrtion  of  their  surface  ciiliihits  superficial  detritus  similar  to  tlmt  which 
I  liave  noticed,  as  has  iiuleed  been  well  described  by  Mr.  Trimmer  (see  Quart. 
Joum.  Geul.  Soc.  tupra,  p.  34  et  $eg.).  Besides  the  well-known  fossil  localities 
iu  the  environs  of  London,  the  remains  of  Mammoth,  Bot  Unu,  Src.,  have  been 
found  in  drift  by  Mr.  Blitnd  at  Hartlip  near  Kaiuh.un  in  Kent,  a  fact  I  became 

—^     acquainted  with  tbroxgli  Dr.  Plomlcy  of  Maidstone. 

■         t  Trana.  Geol.  Soc.  bond.  N.  S.  vol.  iv.  p.  144. 
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we  proceed  eastwards  under  the  chalk-escarjinient  aiul  rraHi  maothtt 
marked  depression,  or  that  around  Dorking,  which  like  that  of  IN  aw 
Marsh  ia  contiguous  to  a  great  traiuverse  fissure  iu  tlir  chalk,  iiam 
we  again  meet  witli  detrital  accumidations  and  tlie  remains  of  fold 


quadru|teds,  the  bones  of  which  were  ahiu  found  chieflv  at  the 
of  tl>e  gravel. 

The  Dorking  Valley  and  the  hollows  around  Deep  Dene  h«»e  1 
for  the  most  ])art  swept  clean  of  all  stony  debris  and  only  fntiliaed  hj 
loam  ;  but  the  low  hills  on  the  banks  of  the  river  Mole  near  Brack- 
ham  Green  and  Betchworth  are  partially  covered  with  thick  pairho 
of  Hint-drift,  and  it  was  in  these  localities  that  the  fo«sil  quadnuxda* 
(Mammoth,  &c.)  were  found,  under  a  considerable  maaa  of  \otm/f 
cUyt. 

Other  examples  of  accumulations  of  this  nature  have  been  1 
described  at  Petteridge  Common  on  the  Weald-clay  thrr«  miles  ( 
east  of  Heigate,  and  at  Nutfield  Marili.  On  the  north  side  of  T^ 
burstow  Hill  and  at  a  very  considerable  height  above  the  rwUej  d 
Godstone,  the  beds  of  chert  of  the  Lower  tireeusand  which  are  thnr 
broken  up  for  gravel,  are  covered  by  unstratified  clav.  Iu  it  ajv  •  few 
minute  fragments  of  chert,  chalk,  and  Hint,  and  I  tetvt  the  whole  lo  tbc 
period  of  drift  under  consideration.  ^_ 

Hitherto  the  driit  under  the  scarp  of  the  North  Downs  (m  we  m^t 
ceed  from  west  to  east)  has  been  chiefly  spoken  of,  as  either  uccnr^^| 
upon  the  Lower  Greensand  with  it^  Neocomian  (.\therfield)  dajr^| 
overlying  fonnatious,  or  u|Min  juitches  of  the  >Veald-clay  which  haw 
been  denuded  at  no  great  distance  from  the  Chalk-hill*.     From  the 
longitudinal  meridian  of  Leith  Hill,  however,  the  drift  bef^DS  to  ( 
lap  the  Weald-clay  zone;  a  fact  precisely  in  accordanix-  with 
have  noted  on  the  southern  side  of  the  central  dome.     The 
seem  to  indicate-,  iu  short,  that  on  either  side  of  the  tvntrvl 
bodies  of  water  have  (as  the  Chalk  and  Grrcnsand  recnfe  to 
•uulh  and  north)  necessarily  overspread  those  portions  of  the  '. 
Greensand  and  Weald-clay  of  Kent,  which  lay  exijowd  in  the 
their  transiwrt.     Thus  the  Weald-clay  is  coveretl  at  iutrrvalj 
with  drift-loam  or  with  debris  of  ironstone  or  chert  of  ihe 
Greensand  ;  and  just  as  a  large  portion  of  the  Mme  day  on  the  i 
side  of  the  axis  has  been  fertilized  by  this  operalioi^  n  haa  the  < 
been  improved  which  occupies  the  tract  extending  frotn  the  aoBtkj 
Bletdiingley  aud  Godstone  to  Eden  Bridge. 

The  most  singular  by  far  of  all  these  collocations  of  drift  in  thk  I 
is  one  which  occurs  on  some  dome-sba|ied  hills  of  the  W« 
near  its  j\niction  with  the  Hastings  sands  to  the  north  of  Be 
Castle,  celebratetl  as  the  residence  of  Queen  Anna  Boltjn.     Thcfr, 
iu  two  farnu  belonging  to  Mr.  Waldo,  the  highest  | 


whati 


(aMttkj^ 

thkui^l 
redid-^H 
of  BMW 


*  Sr«  Mr.  Miirru'*  Note  of  Ihe  oecnrRnee  of  these  foMil  boaea,  Loaiaa's  I 
Nat.  lint.  viil.  ii.  p.  46. 

t  liiimedialrtjr  In  llic  rul  uf  Ihr  ttdion  at  Betehworth 
rlulk-iiiarl,  n  hii'h  l>  tlirrc  nil  through.  ha>  heen  tlnowa 
ilenuilnl,  anil  cotcfcd  liy  ■  ra{<piDg  of  loaoiy  trgtUaeeOBi  dfiA  wilb  a  vay 
ftapnratt  nl  flint. 
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towards  (be  north  and  west,  are  covered  with  loam  and  brick-earth, 
occasionally  fertile  enough  to  constitute  hop-grounds  ;  whilst  the  sur- 
face is  sprinkled  with  large  broken 
chalk-flints  (see  fig.  !)).  In  passing 
to  the  south-eastern  slopes  which  flank 
the  valley  of  the  Medway,  this  loam 
with  flints  passes  into  a  gravel,  the 
flints  become  smaller,  and  for  the 
space  of  a  mile  and  a  half  are  spread 
out  in  what  the  country-[)eople  call 
the  "  plains,"  which  are,  in  fact,  pla- 
teaus 60  or  80  feet  above  the  adja- 
cent vaUi'v  of  the  Medway.  This 
drift  has  been  largely  excavated  at 
llevcr  Lodge  Parin*,  wliere  it  consists 
of  small  flints  of  yellow,  red,  and 
white  coloure,  the  greater  number 
angular,  and  fragments  of  clinkers 
and  chert  of  the  Greensand,  with 
some  rounded  black  pebbles  of  flint, 
similar  to  those  which  have  been  de- 
rived from  the  older  tertiary  strata 
and  have  been  beforealluded  to.  These 
are  mixed  up  in  foxy-coloured  sand 
and  loam,  and  where  iron  has  predo- 
minated the  fragments  are  occasion- 
ally cemented  into  the  concrete  here, 
as  in  the  west  of  Sussex,  called  "rag- 
stone."  These  accumulations  attain 
6  I  ■>"-    S3     more   and  more  of  a  stratified   and 

•8  \  1^1     0"°     water-worn    character   as  they    pass 

^  I      '*«?s8S=     from    the  summit  of  the   dome  or 

plateau  to  the  valley  of  the  Medway. 
On  the  higher  grounds  the  loam  is 
entirely  unbedded  and  the  flints  are 
large  and  angular ;  further  on  they 
diminish  in  size  and  are  associated 
in  the  above-mentioned  gravel ;  and 
still  farther  on,  in  the  flats  west  of 
Tunbridge,  the  accumulation  is  one 
of  still  finer  gravel,  which  has  a  rude 
stratification. 

The  drift  of  Ilever  Lodge  occupies  a  remarkable  position  in  being 
about  nine  miles  distant  from  the  nearest  chalk-escarpment  of  theNorth 
Downs  whence  the  flints  in  it  could  have  been  derived.  I  may  also 
mention,  that  tlie  spot  is  nearly  to  the  south  of  the  N.  and  S.  frac- 
ture in  the  chalk  in  which  the  Darent  flows.  It  is,  however,  sepa- 
rated from  the  North  Downs  in  that  parallel  by  the  lofty  hills  of 

•  ^elds  were  here  cut  into  to  the  depth  of  \\  feet  ind  over  a  surface  of  12  or 
14  teres  for  the  extraction  of  biilUst  for  the  Soutb-Easieru  RailnMid. 
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Lower  Greensand  on  which  Seven  Onks  is  sitiiatrd,  on  whicfa 
drift  has  been  arrested,  and  through  which  there  ia  no 
op«ming. 

Looking  theretbre  to  the  j)rescnt  confieiimrioii  of  the  land,  it  if 
iniposdiblc  that  any  great  ancirut  river  following  the  directum  at  tht 
present  streams  could  have  transported  these  uiateriALt. 
then,  they  came  from  the  frarture  of  the  Daren',  or  wot* 
from  the  greater  rupture  and  depression  in  the  chalk  nurth  of  j 
stone,  in  both  cases  they  must,  unlike  the  Petersfiehl  drift  (p. 
have  been  carried  in  a  direction  completely  oppn 
drainage  of  the  lands.     They  nnist,  in  short,  have  i  .ui 

lated  over  intervening  hills  or  up  the  present  \alley  of  the  .V|«d«wr.  ' 

The  loam-drift  with  flints  extends  indeed  all  down  the  banks  of  at 
Med  way  to  Maidstone*,  and,  occasionally  spread  over  data,  ia  « JnwJ 

*  Since  this  iiiemoir  was  read.  I  made  an  rxcanion  to  Miiiltlwif.  to  waea 
if  thr  distribution  of  ilie  drift  in  tlmt  neighbourhood  werp  tMlar  to  Utat  i 
from  other  lorahtirii  along  (he  escarpments  of  the  Souti         :  '.'     \]\  Dovaa. 
exuniniti»ii  cumiilctelY  confirmed  my  views,  in  showi  Mte  i 

thr  driritiis  of  the  Chulk,  over  the  hill>  of  (imnsand  <uu  m nUx,  Uaf. aad  I 
ritpiiiljn);  to  the  Wealil-clay.     It  it  manifest  thai  the  wtiot*  «f  IIm  radkS  of  Ife  j 

,  trait,  vilirri'  ilir  Mi-ilway  eH'«|>»  thrviu|;b  a  (cruiid  tnuiavcnc  ttumt  smI  itm 

p  tion   in  Ibr  Chalk,  have  iM'en  mo«t  |M>werf>ill,\  bmken  up  and  dialax-atod 

I  Only  is  the  surface  of  the  I'piKT  Chalk  deeply  rnKlrd,  antl  fillfd  w^th  ppd  rlrift  (i 
"00  feel  alMive  llir  lea),  but  bugr.  loose  maiH"-. 

Iliave  lieen  hurled  down  the  rj.rarpmenis  and  lo'l 

fChalk,  where  the  larKoI  of  tbrm  have  been  tAii"i  nt    ' 

I" Cronileehi."   Some  Iimjso  dints  arc  »prca<i  over  the  l^wcr  ' 

ffif  (iaull  is  eleaii-drnuileii.     On  the  other  hand,  the  umihr 

[Hcnlti  and  the  Cbalk-esearpnicnt  have  armtnl  oi>ii- 

hgravel,  which  tuerr^se  in  thickness  as  you  approach  t  . 
alHivc  the  sea.      Fossil  Umes  of   Matitntoili,    KbiniM-crt)A,   il 

sUon^e,  AiCt  have  been  found,  as  I  wa^i  informetl  by  Mr.  Bcnstni,  in  tiae 
tfbriok-earth  and  flinl-drin  "  >'>  almre  th«  Jail  ai 

kaS  eumioed,  and  not  less  :  '  above  the  rivar.    Dr.  Tiailaj  ladnrf 

.  asve  rae  tpeeimens  of  the  trell ..crrof  tu-inrkimuM  wUek  had  haia  Hi^d 

rtbere.     Freshwater  and  Land  Shells  also  oocurr'  "f  the  o*«cMa(  h^a. 

od  the  whole  case  is  therefore  precisely  in  aco'  i  that  tt  ooiar  ffaMi 

(citid.     No  one  can  sei>aiate  this  drift  of  the  aunuuit*  ul  I'cnn      '  -  —        - 

I  Heaths  from  the  liairie-drifi  of  .Maiilstone. 

There  are  few  disiiicta  in  i!> 
taile<l,  monographic  dru'riptii 
oary  enrvatures  and  fractures  ; 

lar  less  parallel  to  (he  l>ends  of  ihe  ^ 

Ila  the  cavities  of  the  numerous  qii> 

laiy  siewi,     Mr.  Benslvd,  whoae  discowic*  are  well. known  U>{^       _ 

(ahliging  as  to  point  out  to  me,  a  rapid  aaticlinal  of  the  grit  near  IjtaaftaJ.  i 
the  overlying  lliul-dnft  seemed  to  be  coofomiable  to  it»  una  whkli  i~  , 
an  angle  of  :>i' ;  «  beuce  it  might  be  infemd  that  the  iiiiiniiiaill  wMtfc  aiaiaaal 

this  Heo'^ <MeM  [H^icrior  10  th*  dcpoiitioa  of  the  ttaudabrtt.    If  iiWa*> 

talnil  lias  lieen  tatad  by  an  Bfhaaial  of  iho  ladc  bwMth,  >^a  Ofc  fc 

acai<   •  i.ithatobeorved  tqrMr.  AnHaanatrOirfMfMd.  iallaaAyl 


iiarr  kaai 
he  I— II 


ease.  Iii>wc<cr,  I  In  i    lilli i  ilniiht  nnibi rniiff   ii  In  m  aflantol  qwiij  n  ihi 

niirlb,  where  (he  Kentish  "-y*— T-t'ttI — '"***■!" ~~*'-*^.  *Triar8iiiil  Hiaa 

nf  grit  are  in  contact  with  gravel,  whirb  ha*  a  aort  of  nida  htfiHatai  h^feitt  j 

lliiwoer  (his  may  be,  one  feature  ul  the  same  hicaiitjr  ii  too  I 

paise<l  over  in  ulcnec.     The  surface  of  the  opheaved  nil  (thaai 

been  bored  into  by  Pktttud**,  and  kf  theac  iMlb  abowd  yian  to  bv  if  i 
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near  Yalding  Station,  capping  a  small  elevation  of  Lower  Greensand 
(Neocomian). 

The  arrangement  of  the  drifted  materials  also  shows,  that  the  waters, 
whatever  they  were  which  translated  them,  acted  in  an  opposite  di- 
rection to  the  present  Mcdway  ;  for  in  proportion  as  you  approach  to 
Maidstone  and  the  North  Downs,  the  fragments  of  flint  become  larger 
and  much  more  abiuidant. 

In  cutting  the  line  of  the  Dover  Railroad  from  Tuubridge  to  Folke- 
stone, various  other  heaps  of  drift  were  removed  from  the  surface  of 
low  domes  of  tlie  W'eakl-clay  on  which  they  had  been  arrested,  as  at 
Marden,  Ilendcorti,  I'luckley,  &c.  At  Marden,  and  at  about  a 
quarter  of  a  mile  east  of  the  station,  the  excavations  made  in  the  sum- 
mit of  a  low  dome  are  still  to  be  seen,  whence  much  brick-earth  or 
loamy  clay,  with  a  thick  mass  of  shingly  gravel,  chiefly  the  detritus 
of  the  Lower  Greensand  hills,  were  abstracted  from  the  surface  of 
the  Weald-clay  for  the  construction  of  the  railroad.  The  teeth  and 
defences  of  a  Mammoth  were  found  here  under  al)out  1  ."i  feet  of  this 
detritus*.  The  jiosition  of  these  remains  at  a  height  of  about  70 
feet  above  the  river  Bcult  or  its  tributaries,  renders  it  im]iossiblc  to 
suppose  that  they  were  accimiulnted  under  the  silt  and  gravel  of  any 
stream  which  did  not  extend  o\er  all  the  lower  country  between  the 
hills  of  Lower  Greensand  on  the  north  and  those  of  the  iiastings  sands 
^Lon  the  south.    Here  also,  as  at  Pease  Marsh,  the  remains  were  found 

species,  we  uiiglii  then  suppose,  lliat  at  the  period  when  the  «e«  fonnert  the  Brigh- 
ton  i)eblile-lie(l5,  it  entered  up  au  estiian'  as  far  as  Aylesford ;  whic-li  at  this  day 
is  very  little  above  the  influence  of  higli  sprinp-ti<h'».  This  suhjeet  calls  for  elu- 
cidation. The  Pholadet  may,  however,  have  helunged  to  an  early  tertiary'  or  older 
period,  and  (tins  prove  alien  to  the  present  .siihject,  un  opinion  tovvhicli  I  incline, 
because  the  beds  affected  by  them  are  separated  from  the  flint-drift  by  a  band  of 
mud-like  loamy  silt,  in  which  many  fragments  of  shclU  of  the  Lower  Greensand 
occur.  1  willingly  leave  tliis  subject  in  the  hands  of  Mr.  Prestwioh,  to  whom 
Mr.  Bensted  has  also  indicated  the  above-meationed  curious  phsnumenon,  aiiil 
wlio  has  been  occupying  himself  for  some  time  in  the  study  of  the  sui>erficial  de- 
tritiu  uf  Kent.  When  the  remains  of  llyima  were  found  many  years  ago  in  fia- 
lures  of  the  Maidstone  Grit  by  Mr.  Braddicb,  at  Koni;hton  iVialherl>e,  six  miles 
S.E.  of  Maidstone,  I  visited  the  locality  in  company  with  Dr.  liuckland  anil  other 
geological  friends.  Whether  the  cavities  iu  which  the  bones  occurred  were  really 
at  any  time  inhabited  caves,  as,  our  able  and  zealous  leader  wished  to  prove,  or 
were  simply  a  portion  of  the  drift  so  often  alluded  to,  I  have  a  distinct  recollec- 
tion that  the  bones  bad  been  preserved  under  a  copious  uccnmulation  of  imper- 
vious loam  and  clay,  which  had  spread  over  the  orifire»  and  plugged  them  up,  at 
considerable  altitudes.  Mr.  Bensled  has  since  infomic<l  me  that  in  some  of  the 
cavities  of  his  quarries,  150  feet  above  the  Medway,  fossil  iHtnes  have  also  t)een 
found  under  great  masses  of  similar  drift.  The  chief  localities  where  fossil  Mam- 
malia occur  ill  this  part  of  Kent  have,  indeed,  been  clearly  described  by  Mr.  .Mor- 
ris (Loudon's  Mag.  Nat.  Hist.  vol.  ix.  p.  593,  1H3C);  and  this  good  naturalist 
informs  us  that  the  species  of  shells  (//e/tr  hitpiiia.  Pupa  tnarijinula,  and  Succmra 
olilongtt),  found  usually  in  the  upper  (loamy)  portion  of  the  detritus,  belong  to 
land  Testacea,  and  to  such  as  "  inhabit  the  banks  of  rivers  and  marshy  plai'es,  no 
decidedly  freshwater  shell  having  yet  been  detected ; "  whilst  the  large  fossil 
bones  lie  iu  the  lower  mass  and  under  the  clay. — [.\dded  when  the  Memoir  was 
in  type,  October  185).] 

*  Although  the  autjior  previously  knew  of  gravel  overlying  the  Weald-clay  at 
Marden  ( South-Eastern  Railway),  he  only  heard  of  the  fossil  bones  found  there 
since  the  Memoir  went  lo  press. — R.  I.  M. 
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near  the  ven-  surface  of  the  Weald-clay,  aud  had  httn  proCMtod  fi«a 

atmospheric  action  by  a  copious  corcr  of  clay  or  \cmm.    Al  PlacklM 

the  dn<l  used  as  ballabt  tor  the  railways  covered  h<><I«  filled  trid 

Paludina  and  Cijclas  (the  Bethcrsden  marble  of  K  ■ 

ford,  the  drift-day,  wliich  is  tenacious,  reddish,  nnii 

out  with  angular  challi-fliuts,  at  once  covers  the  ^\    .'i  ; 

with  its  Cyjirit  I'ali/ensig.      It  is  also  worthy  of  r>  .....ij 

as  in  the  parallel  of  the  Medwny,  in  proi>ortion  as  wr 

the  main  zone  of  driH,  in  proceeding  frimi  tlie  nnrtit  toward*  1 

\ViucheUea,  the  flints  diminish  in  size,  until  gradually   all  timttt  fl 

them  are  lost;   the  southernmost  portion  of  the  WeaLJ-clav, 

tlie  flat   grounds  towards  Uomnry   Marsh,  being  eovrrrd 

loam  only. 

Dn/l  at  Dover  and  Folkeitone. — At  Dover  (see  SecUua  I 


% 


Fig.  10. — Diagram,  shoiriny  the  relatioiu  of  Ike  Augmlttr  Drift  t 
Elepkani  Hubble  to  the  Vkalk  at  U»t*r. 


.  Chalk  tuimcr  part  with  Illnu),ca4ipc«1  b]r  flint-4tT>ft,  #  

'.  Fllnl.<)tln,  nfipcd  with  cU;  and  paaaliif  davnwantt  Mto  EWpko*  BaMt*. 


cooodi^l 


the  tenninux  of  the  railroad  has  bei-n  excavated  in  • 
thickness  of  lar^e  fragrnents  of  chalk,  constituting  ■  cfaalk-i 
and  exactly  resend)lin(;  the  lower  ]K)rtinn  of  one  part  of  tlac  BfUMl 
breccia  east  of  Kemp  Town,  in  iM-ing  compose*!  of  hr-'V-"  »-V>«!!|(  Jmoti 
in  tifu.     Xs  at  llrighttm,  it  tills  up  a  hoUovr  in  th<  IK  *Uc| 

opens  to  the  port,  and  rangiii);  along  the  »hon'  bi-ihr.-u  mr 
the  terniiniis.  has  a  maximum  thick  ne.vi  of  50  to  60  feet.     In  ! 
ing  this  rubble  from  the  station  towards  the  first  timnel,  it  is  i 
thill  out  and  to  be  supplauted  in  its  lower  part  by  the  aMlid  I 
wiiieh  rises  from  beneath  it.     In   its  upper  portion,  hex 
breccia  ]>as8e8  into  a  band  of  the  flint-dnfl.  with  which 
merged.     In  mountuig  the  hill  from  the  north  end  of  tbcl 
the  observer  can  clearly  sec  how  thew  materials  rit.  the  whi 
nibble  and  the  ochnoiLs  flint-detrilnv  form  [lortiont  of  the  i 
posit,  and  on  aM-cndiug  to  the  unmmit  of  Shakesiwarr'a  ClilT,  lie  ' 
further  |)erc<-ive  that  the  bn>krn-flint-<lri>\  which  U  berr  mued  if 
with  reddish,  tenacious  clay,  a.i  ui  many  part«  of  the  Soatl),*' 
■ccommodatrs  itx-lf  to  all  the  lunuosities  of  tin-  nuthnr  o( 
Thence  southwards  to  Folkestone,  the  ehalk-hilU  arr  eap|KiJ,  I 
indentations  tilled,  with  the  same  detritus,  whether  it  be 
with  flints  on  the  summit  of  Shakespeare's  (.'hff.  or  the  Mid 
I^wer  Chalk  ;    aa   is    represented  iu  Dr.   Fitton's   Section  a 
Chalk  of  Devon  •. 
Teeth  of  (Repliants  have  been  found  on  th«  tliore  under  the 
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cliffs,  whicli  from  their  white  colour  are  supposed  to  have  fallen  out 
of  the  chalky  or  lower  portion  of  the  detritus. 

It  is  only,  however,  where  the  drift  fills  the  depression  in  which 
Folkestone  stands,  that,  just  as  in  many  other  fossil  localities,  its  upper 
iiart  consists  of  a  thick  mass  of  unstr«tified  clay  and  loam.  Under 
like  physical  conditions,  like  results  have  foUowetl;  aiul  very  numerous 
remains  of  fossil  tjuadru])eds  have  rewarded  the  diligent  research  of 
Mr.  S.  J.  Mackic,  of  that  place.  They  consist  of  bones  of  Elephant, 
Hippopotamus,  Ox,  Horse,  Stag,  and  Ilya^ua,  a  tine  collection  of 
which,  thanks  to  the  zeal  of  that  gentleman,  is  now  laid  before  the 
Society,  and  of  which,  at  my  request,  he  has  prepared  an  account*. 
Not  anticipating  the  details  of  Mr.  Mackie,  I  must,  however,  after 
having  ias]iected  the  chief  localities  in  his  company,  state  the  impres- 
sion that  their  examination  jiroduced  on  me,  and  show  how  they  cor- 
roborate the  inferences  drawn  from  otlier  localities. 

The  detritus  which  caps  the  clifl'  of  Lower  Green  Sandstone  behind 
the  Victoria  Hotel  (fig.  1 1),  and  about  80  feet  above  the  sea,  consists 

Fig.  11. — Diagram,  showiny  the  relations  of  the  Anffular  Drift  and 
its  aecompanying  Argillaceotu  Loam  to  the  Chalk,  Greensand,  S/^,, 
in  the  neiyhbuurhood  of  Folkestone. 

FolkMtone  Hill,  sM  feet 

above  the  wa.  K. 

Railway  SUtian, 
150  (M  aba»e 
•ea  level. 


c.  Chalk  coremt  wltli  llnUdrin,  j. 
GauK, 


d.  Malm-rock  or  Upper  Grecfuand. 


/.  iJIwer  Qreensaod  }  """"'^  *'"■  "><  MammaUrcnMii  Oloulrift  and  iu  overlyinf  clajr,  m. 

in  its  sontheni  j)art  of  a  mass  of  reddish-brown  clay,  which  in  its 
course  northward  expands  and  becomes  ui  its  lower  part  a  white 
loam,  beneath  which  oehreous  tliiit-gravel,  commencing  as  a  mere 
point  or  wedge,  thickens  and  thins  out  according  to  the  inequalities 
of  the  surface  of  the  sandstone  ou  which  it  has  been  lodged.  Now, 
it  is  in  this  lower  Hinty  debris,  and  at  a  height  varying  from  80 
to  about  1 1 0  feet  above  the  sea,  that  Mr.  Mackie  has  found  the 
greater  part  of  the  large  animal  remains.  Here  also,  as  in  other 
places  noted,  they  have  been  evidently  protected  from  decomposition 
by  the  thick  cover  of  argillaceous  matter.  The  researches  of  Mr. 
Mackie  and  .Mr.  Morris  have  further  detected,  in  the  upper  and 
finer  portion  of  the  rubble,  but  under  the  clay  and  brick-earth,  two 
species  of  Helix  which  are  identical  with  forms  now  living.  If  taken 
by  itself,  this  fiurt  might  seem  to  indicate,  that  the  fossd  bones  of 
Folkestone  had  been  simply  accumulated  in  a  sort  of  lake  which 
formerly  occupied  this  dejiression  ;  but  a  reference  to  the  data  afforded 
by  the  surrounding  tract  prevents  the  adoption  of  that  hypothesis. 
The  brick-earth,  some  of  which  lies  at  low  levels  iu  the  ravine  north 
of  Folkestone,  rises  over  the  surfaces  of  the  Gault,  as  well  as  of  the 

*  See  Mr.  Mackie's  Paper,  n^ra,  p.  257  et  lej. 
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Lower  GrceiiBaixl,  and  is  seen  at  the  height  of  the  railrawl 
about  1 50  feet  above  the  sea,  and  from  whenee  vou  luoL  dmra  Ufim 
Folkestone.  It  there  contains  small  fragments  ol  the  cliuken  or  iia»- 
stoue  derived  from  the  greensand  on  the  we«t.  The  !tain«  mattriaK 
I.  e.  loam  or  clav  with  disseminated  flints,  nte  up,  in  fact,  upon  til* 
slopes  of  the  adjacent  chalk-hilLt;  and  tbu8,  as  in  all  iho  other  CMcr 
cited,  you  are  insensibly  conducted  from  the  debris  in  the  "comb*' 
or  hollow  to  the  wider  but  more  thinly  spread  maas  of  aaila 
matter  on  the  slopes  and  summits  of  the  hills. 

Again,  fossil  bones  have  been  found  at  and  nr*r  Folkmtnnr,  a 
heights  varying  from  80  to  1 10  feet,  not  in  different  br«l»,  hut  alwwr* 
in  the  some  broken-flint-debris.  They  have  also  Ixvn  delrctnl  in  i 
U])per  combe  or  recess  in  the  ciialk-escarpnient,  nearly  two  mSeswt 
and  by  north  from  Folkestone,  and  at  on  altitudeof  nut  Ir^is  than  223 
feet  above  the  adjneeut  sea.  Tliat  spot,  calUnl  the  Cherry  Gmre,  1 
only  to  be  looked  at  from  the  gea-coa.st  to  convince  anjr  ooa  tbat 
gravel  can  never  have  formed  a  part  of  the  bottom  of  tbe  I 
or  estuary  as  that  in  which  the  Folkestone  debris  wa*  accttlimlalcd. 
If,  however,  we  imagine  a  mass  of  driA  transported  by  a  fonncr  ba^ 
of  water,  the  diflicnity  ceases ;  and  just  as  the  town  of  Folkeatoor  li  | 
now  supplied  nith  water  from  that  loftv  reservoir  or  ^rin^hcadi 
tlie  west,  so  in  ancient  times  may  anmials  and  defaria  have  he 
translated  into  the  deeper  cavities  of  the  boUow,  or  amttd  « i 
sides*. 

M'ilh  the  fact  before  us,  that  thes<'  fossil  iKinrs  lie  at  « 
the  bore  rock  in  litu,  without  any  deposit  betwi>cn  it  and  the  i 
which  they  are  commingled,  it  seems  im|H>ssible  to  rxplain  thdr  i 
li>cation  (even  if  we  put  their  position  out  of  the  (|ni-«(i<>n)  by  fl^ 
iKising  that  they  were  tranquilly  buried  under  a  In).  final  na 

bunks  of  any  former  stream.      In  tliose  eiis«-»  it  «■  -cd 

been  mintculous,  if  ruminanl.s  and  enrnivores  hod  a9K-tnb4nl 


selves  at  a  particular  moment  of  time  to  In-  interred,  like  a  "  hafa^ 

lAmily,"  in  one  thin  course  of  detritus,  and  at  the  bottom  onW  of  OH 

^■edimenlikry  matter!     To  mv  mind,  the  cireumMances  of  ta»  «■• 

Irift  being  pliu-ed  at  such  ilillereut  leveb  at  FoIkeMoue.  and  of  ki 

laloping  lip  from  the  sea-lMMrd  to*  height  of  22:!  feet  inland,  ar*  pal 

[rvidences  that  these  crcatnn-s  were  destroved  by  riolmt  narillaUwi 

of  the  land,  and  were  swept  by  currents  of  water  from  tlicir  fe«ll■|^ 

grounds  into  the  hollows  in  which  wr  now  find  thrm,  sad  wiMPt 

the  nrgillnceous  malerinis  which  covered  them  havr  fa»wued  iWir 

conservation.      Nothing  can  more  strongly  favour  this  rirw  than  tk* 

maimer  in  which  fruginents  of  ehalk-tlints,  oArn  angular,  arp  wtdfti 

top-lher  in  the  innlrix  of  lonni,  and  enter  into  the  cavittra  et  tamt  af 

the  vertebrn*  and  broken  lM)iie?(  nf  the  large  ipiodnipeds.     At  tka  mmt 

time  I  presume,  timt  aAer  (he  great  luiinmls  in  qiiriitioa  had 

and  were  lodged  in  the  depressions  and  erusion*  of  the 

•  Another  f»cl    >  .iieil  to  nir  !>_»   M. 

•  CftMrm  bone  ri  m-  lim.wilrrinii' 

»liil>(  thr  iln/l  Wd. !  Ill  ibf  ruu(,  iIh-  > 

ilnghUia,  »er*  oroanonally  willed  lu  the  nuM  of 
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waters  may  here,  as  in  many  other  places,  have  been  for  some  time 
more  or  less  stagnant  over  them,  and  into  these  I  presume  that  land- 
shells  with  mud  and  sediment  were  carried  from  the  adjacent  grounds. 
Uere^so,  as  in  other  places,  there  are  more  modern  allu>-ial  accu- 
mulations, in  which  the  remains  of  Wolf  and  Hog  occur  j  but  these 
are  in  a  quite  different  mineral  condition  to  the  fossil  bones  above 
mentioned. 

Conclusion. 

General  View  of  the  Wealdeu  Drift  Phanomena, — In  his  able 
reasoning  upon  the  data  of  physical  disruption  which  characterize  the 
rocks  in  and  around  the  Wealden,  Mr.  Hopkins  has  inferred  that 
there  must  have  been  one  coni'ideral>le,  decisive,  and  fvimultaneous 
movement,  by  which  the  original  and  princij)al  dislocation  of  the 
elevated  mass  and  the  distinctive  features  of  the  district  were  pro- 
duced*. Admitting  that  the  region  may  have  been  first  mainly  de- 
nuded by  the  powerful  operations  to  which  he  adverts,  my  object  in 
this  memoir  is  to  show,  that  at  a  jieriod  long  subsequent  and  ap- 
proaching much  nearer  to  the  present  time,  when  the  Weald  had 
assumed  its  present  general  configuration,  and  was  to  a  great  extent 
inlinbited  by  large  quadrupeds,  there  took  place  other  dislocations  of 
so  decisive  a  character,  that  masses  of  detritus  of  the  Tertiary  rocks, 
Chalk,  and  Greensand  were  cast  off  and  dejiosited  at  various  altitudes, 
around  the  central  nucleus,  in  the  fissures  of  the  chalk  or  on  its 
outward  stupes.  I  beg  the  reader,  therefore,  to  confine  Ins  atten- 
tion to  the  phscnomena  under  consideratitm,  and  not  to  mingle  them 
with  the  antecedent  conditions  of  this  region.  He  will  recollect  that 
the  memoir  commenced  by  showing,  that  the  whole  of  the  central 
dome  of  the  M'eald  has  been  exempted  from  the  drift  to  which  atten- 
tion is  called,  and  that  together  with  such  exemption  it  iias  not  been 
found  to  contain  any  I'cmains  of  the  great  fossil  quadruped.'! f.  He 
wit!  further  have  noted  that  evidence  has  been  cited  to  prove  that,  when 
the  drift  containing  the  bones  of  the  fossil  animals  was  deposited, 
the  vallevs  had  to  a  great  extent  assumed  their  present  form,  and 
that  the  vast  \olunies  of  water  which  must  then  have  occupied  them, 
had  in  many  instances  a  general  reference  to  the  slopes  and  depres- 
sions in  which  the  present  puny  rivers  meander  at  great  depths  beneath 
the  surface  of  the  ancient  currents  ;  although  in  some  cases  the  old 
<bift  has  been  carried  up  the  present  valleys  (see  p.  3H2). 

However  we  may  attempt  to  separate  tlie  superficial  drift  of  other 
parts  of  England  into  distinct  masses  formed  at  successive  periods, 
enough  has  been  said  to  show,  that  there  are  great  difficulties  in  doing 
s(j  in  this  south-eastern  region.  But  here  I  must  not  be  misunderstood. 
There  are,  indeed,  many  places  in  the  South-east  of  Engliuid  where  the 
surface  of  the  Chalk  has  been  dee|)ly  eroded  (as  is  well  exposed  in  the 
vertical  beds  of  tlie  Isle  of  Wight),  and  its  cavities  filled  in  by  the 

*  Tren>.  Gcol.  Soc.  Lond.  N.  S.  vol.  vii.  p.  43. 

+  1  still  lliiiik  it  possilile,  linwevcr,  that  hoiie.'i  of  ilie  large  exdiict  Mimmnlin 
mijr  he  found  under  some  of  tlic  local  silt  and  loam  of  tlie  Hasliiig«  Sands. 
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found  it«  way  into  a  broad  torrential  river  or  estuary  between  the 
Surrey  and  llertfordsbire  bills,  in  which  fliiviatile  action  afterwarda 
prevailed,  so  as  to  wear  off  the  angles  of  the  fragments  which  had 
been  hurlftl  into  it.  My  own  opinion  is,  however,  that  nearly  all 
this  ronndid  tlint-gravel  was  derived  from  the  breaking-up  of  the 
old  tertiary  pebble-beds  (as  cxjilnined  jt.  374),  which  were  infinitely 
more  developed  in  the  London  tertiary  bnsiu  than  in  that  of  South 
Sussex  and  llaiits ;  in  other  words,  that  the  rounding  of  the  flints 
in  the  gravel  was  an  operation  of  the  early  Tertiary  Period.  At  all 
events,  from  the  slopes  of  the  South  Downs  to  the  sea  where  very 
few  rounded  tertiary  pebijles  have  ever  existed  in  situ,  we  clearly  see 
that  after  the  first  rush  of  waters,  whether  down  the  talus  of  the 
chalk  or  through  Interal  openings,  the  fractured  flints  must  have  been 
left  as  originally  piled  up,  and,  being  desiccated,  have  never  more 
been  subjected  to  the  action  of  water  and  have  remained  in  their  an- 
gular state. 

Let  me  here  remind  the  reader,  flint  if  shocks  of  earthauakes  in 
this  and  the  other  hemisphere  of  which  we  have  historical  records 
have  occasioned  the  rise  and  fail  of  great  waves,  so  such  dismember- 
ments as  those  in  question  will  much  more  readily  enable  us  to  form 
an  idea  of  the  transportuig  influence  of  ancient  volumes  of  subter- 
ranean water  resulting  from  convulsions  that  o|)cned  out  chasms  in 
the  crust  of  the  earth  infinitely  exceeding  anything  known  in  the 
historical  era. 

In  reverting,  then,  to  the  chief  point  in  this  memoir,  I  would  re- 
peat, that  the  principal  and  njjper  masses  of  debris  which  are  spread 
out  on  the  external  slope  of  ihe  South  and  North  Downs,  or  within 
tlie  Wealden  denudation,  must  have  been  suddenly  translated,  and  as 
suddenly  aceunudated,  in  the  rude  j)iles  or  intillings  of  cavities  they 
now  occupy  ;  since  no  analogy  of  tidal  or  fluviatile  lu-tion  can  explain 
either  the  condition  or  position  of  the  debris  and  the  unrolled  flints 
and  bones.  On  the  contrary,  by  referring  their  distribution  to  those 
great  oscillations  and  rnpttires  by  which  the  earth's  surface  has  been 
so  powerfully  aflTeeted  in  former  times,  we  may  well  imagine  how  the 
large  area  under  consideration  was  suddenly  broken  tip  and  submerged. 
This  hypothesis  seems  to  me  to  be  an  a|)peal  to  a  rera  cavna  com- 
mensurate with  the  results.  As  respects  the  South-east  of  England, 
the  operation  nmst  have  been  modern  in  a  geological  sense ;  for  our 
present  Hue  of  sea-coast  had  then  been  formed,  our  lands,  including 
great  longitudinal  valleys  in  the  Weald,  were  tenanted  by  herds  of  great 
quadrujieds :  whilst  even  anterior  to  the  catAstrophe  by  which  such 
land-aniinats  were  destroyed,  sea-beaches  of  rolled  pebbles,  containing 
species  of  molluscs  still  living,  bad  previously  been  accumulated  on 
our  southern  shores,  together  with  some  remains  of  extinct  quadru- 
peds which  had  been  derived  from  the  adjacent  lands !  In  short, 
the  clifls  of  Brighton  afford  distinct  proofs,  that  a  jicriod  of  jicrfect 
quiescena-  and  ordinary  shore-action,  very  modem  in  geological  par- 
lance, but  very  ancient  as  respects  history,  was  followed  by  oscilla- 
tions and  violent  fractures  of  the  cnist,  producing  the  tmnultuous 
accumulations  to  which  attention  has  been  drawn. 
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I  may  here  further  remind  geologists,  that  the  grent  Ihw  of 
cation  of  the  Weolden  and  its  subsidiary  parallels  in  th«  flanking 
when  continued  to  the  west,  is  coincident  with  the  axis  of  Ump  Valr 
of  Pewscy.  This  line  is  further  parallel  tu  the  axis  of  the  Ur  of 
Wight  and  to  many  other  lines  of  fracture  in  the  Soutli  at  Ei^iaMi 
and  South  Wales,  along  which  great  disturbaucea  haT«  abo  oecanvl 
at  the  same  comparatively  recent  ejioch. 

Generalization  of  Briti»h  and  Foreign  Drift  Pkanntmvma  f«f 
us  now  endeavour  still  further  to  generalize  the  subject  of  the 
angular  fluit-drif)  of  the  South-east  of  England,  bvcompsring  itvick 
analogous  pli&'nomena  in  other  parts  of  the  world. 

On  a  former  occasion  *,  1  showed  that  the  comnMnOMMBt  of 
first  glacial  period  in  the  history  of  the  Alps  was  ajiiwJinmo— 
an  enormous  dislocation  and  upheaval  of  that  chain,  and  mil 
with  a  vast  change  in  the  level  of  materials  constituting;  tbe  thn 
existing  laud  and  their  debris,  which  had  previously  lain  '■■  inittV 
the  waters.  I  also  maintained,  that  such  dislocation  waa  of  tke 
same  date  as  that  which  submergeil  a  pre-existing  uurthrm  eoB- 
tinent  and  broueht  it  under  the  indueuce  of  an  Arctic  ocmuu  TW 
proofs  of  a  sudden  and  nolent  change  being,  as  I  thiuk,  aa  •«& 
demonstrated  at  our  own  homes,  my  conviction  is,  that  hrt*,  aa  •■ 
the  Alps,  one  of  the  first  steps  in  that  great  climatal  rmjlodon  waa 
accompanied  by  very  extensive  fractures  and  changes  of  Irrtl  in  lam 
portions  of  the  cnist  of  the  earth.  At  tlie  same  time  wr  mar  fum 
uifer  from  other  t(*9timony,  that  the  first  Tibration  which 
some  tracts  and  depressed  others  having  once  paaaed 
queut  accunuilations  were  continued  in  Nurtheni  Euntpc  nndcr 
cial  cnnditious  during  a  very  long  period,  including,  aa  1  am  trmAj 
admit,  the  existence  of  terrestrial  glaciers  at  certain  potnla  in  Briti 
(uf  which  Snowdou  is  an  example)  on  islands  of  do  great 
a  glacial  sea.  Thus,  we  may  explniu  the  po«ition  of  oopieos 
of  subaqueous  detritus,  and  the  tmns{M)rt  of  hugv  CTntic  Mfffir* 
such  terrestrial  centres.  In  this  ^nse,  thi-  drift  of  Britain  whidl  \mm 
travelled  from  the  North,  and  the  .\lpine  drift  and  blocka  of  B««ana 
and  the  Jura  which  have  iinx-etsled  from  the  South,  brlaii((  to  tha 
same  great  geulugicul  e{H)ch,  or  the  first  [H*ri(Ki  in  the  rhmoiclea  «f 
the  planet  iu  which  we  have  distinrt  signs  of  glacial  action. 

Prior  to  the  origin  of  that  glacial  time.  and.  accurdiu|(  to  nr  via*. 
before  England  was  severed  firom  the  Continent,  the  grrat  rxtinet 
quadniped.s  had  doubtless  spacious  fee«linff-grounds 
with  their  abundance.  As  loug  as  they  flounahed,  thcaa 
have  conlributc<l  their  remains  from  year  to  year  to  flmriailk, 
trine,  and  estuary  deposits  ;  and  thercfurc  it  is,  that  ia 
may  find  their  bodies  in  such  stratified  masses ;  although  it  ia' 
tliat  by  far  the  greater  number  of  tliate  creature*  whicn  died  a 
death  miut  have  disappi-areil  ( hones  and  all),  when  not  iabeddid 
•Omeimpraetrablr  M-dimcnt.  This  fact,  however,  ix  perfectly 
with  the  contrasting  and  collnternl  evidencr  which  roinpela 
to  beliete,  that  the  drstnielion  of  a  multitude  of  tbi 

*  See  Qaift.  Jooni.  Oeol.  Soc  roL  vi.  p.  U  r(  Mf . 


ivrn  in  WKt  m 
n-  mar  turn  I 
rich  Aii^i  J 
•mmj,  wAm  ■ 


« 


MURCHISON — FLINT  DRIFT  OF  S.E.  ENGLAND. 


391 


certain  bands  of  the  earth  was  equally  due  to  the  \-ioleut  and  sudden 
fractures,  heaves,  and  immersions  (not  mere  upheavals)  to  wliich  such 
tracts  were  subjected.  1  believe  this,  not  only  from  the  proof  so 
clearly  afforded  of  parent  rocks  having  been  then  split  up  and  of  their 
having  thrown  off  quantities  of  angular  debris,  but  also  from  the  oc- 
currence of  the  heaps  of  fractured  boues  of  our  aboriginal  Oxen  and 
other  Herbivores  wnich  are  piled  up  in  confused  masses  in  the  mud, 
clay,  sand,  and  pebbles  in  the  dee()  clefts  and  fissures  of  many  of  our 
deaii-denuded  rocks.  The  hills,  in  short,  have  been  swept,  and  the 
hollows  have  been  filled. 

On  the  other  band,  just  as  the  wat«r-worn  and  raised  beaches  of 
the  coast  indicate  a  previous  tranquillity  and  long-continued  ordinary 
action,  so  the  caves  which  were  first  inhabited  during  fonner  ages  by 
Hyeeuas  and  other  quadrupeds,  prove  to  us  the  lengthened  period  of 
quiescence  that  prevailed  upon  the  land  anterior  to  the  grand  con- 
vulsions under  consideration,  and  by  which,  as  I  think,  the  cold  or  icy 
period  was  ushered  in. 

On  fair  evidences  we  may  also  infer,  that  a  long  epoch  followed  the 
physical  changes  in  question,  in  which  glacial  conditions  both  sub- 
aerial  and  subaqueous  prevailed  in  the  Northern  hemisphere.  But 
even  during  the  great  oscillations  which  preceded  and  accompanied 
such  glacial  epoch,  inchuliiig  the  re-elevation  of  vast  sea-bottoms  into 
continents,  there  are  [»roofs  that  many  of  the  former  great  animals 
escaped  destruction ;  doubtless  by  takmg  refuge  on  lands  unaffected, 
one  of  these  having  been  preserved  alive  to  our  present  time  in  the 
Bos  Avrochs  of  Lithuania  * .  This  fact  will  account  for  another  epoch 
of  cavern-animals  subsequent  to  tlie  glacial  epoch,  as  indicated  by 
Professor  E.  Forbes  f- 

Nothing  indeed  is  further  from  my  wish  (and  all  my  writings  tes- 
tify it)  thmi  to  inculcate  the  belief  that  the  former  changes  of  the 
surface,  however  they  were  in  my  opinion  more  paroxysmal  and  grand 
than  any  of  our  era,  were  ever  so  general  as  to  destroy  whole  races 
of  animals.  I  have  invariably  contended  that  all  physical  disrup- 
tions of  the  crust  are  local.  In  this  sense  each  drift  is  local  and 
must  have  reference  to  its  own  cause.  On  the  other  hand  let  me 
say,  that  the  endeavour  to  refer  all  former  fractures  of  the  strata 
as  well  as  their  overthrow  on  a  great  scale,  a*  in  the  Alps,  to  causes 
of  no  greater  intensity  of  action  than  those  which  now  prevail,  is  in 
opposition  to  the  observations  I  have  made  in  every  mountain-chain, 
as  well  as  in  the  modest  cliffs  of  Brighton  and  Dover. 

Surely  pfactical  geologists  can  easily  draw  a  distinction  between 
the  quakes  wliieh  the  earth  now  undergoes  or  has  midergone  in  the 
historic  era,  and  the  profound  rents  and  enormous  changes  of  level  to 
which  it  was  subjected  in  former  periods. 

My  conviction  is,  that,  by  uicluding  all  ancient  geological  phseno- 
mena  in  the  category  of  existing  intensity  of  causation,  the  able  men 
who  have  espoused  that  view  have,  in  their  too  great  eagerness  to  ex- 
plain much  that  is  still  obscure,  forced  the  former  energy  of  nature 

*  See  Russia  iu  Europe,  vol.  i.  pp.  S03,  638. 

t  Memoirs  of  the  Geological  Sun-cy  of  Great  Britain,  vol,  i.  p,  39 1, 
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into  a  quietude  wliich  is  iucousistent  with  the  proofii  at  I 
revolutious. 

It  i8  in  this  sense  thnt  I  new  the  tumultuous  acoumnlaliaa 
Briehtou  hreccia,  the  translatiuu  uf  detritus  to  ita  pmrat  paal 

>W^ 


accomp^lM^ 


between  the  chalk  escarpments  and  tlie  oeutnil  dome  of  tiic  ^ 
and  the  dischar^  of  materials  from  the  trannerM; 
the  outward  slopes  of  the  chalk,  as  all  of  them  ant  ^ 
fereiK-e,  that  any  of  these  results  could  have  been  accomp 
ordinar)'  lonp:-contiuucd  action  of  water. 

Even  in  our  own  isles,  but  in  tracts  removed  from  the  Sovdb- 
of  England,  the  same  materials  of  former  masses  of  lea-^iwnd 
sand,  and  the  same  s|>ecies  of  sea-shells  contained  in 
arranged  in  different  terraces  at  altitudes  varying  from  10  tu  l| 
above  the  sea,  is  suflicient  proof  that  the  vibrations  which 
the  present  outline  were  of  ver)'  une<]ual  intensity,  U 
distant  from  each  other  and  in  the  very  same  region. 

This  memoir  rcfiTs,  I  repeat  it,  only  to  the  laat  gnttl 
ralioiM  in  and  urunnd  the  Weald.  But,  if  for  a  moiMnt  «•  I 
our  inm^inHtiou  to  much  earlier  states  of  things,  and  nikel 
manner  in  uhieh  the  rocks  must  have  here  been  broken  atfamut  i 
original  formation  of  the  river-courses  or  transverse  »alW», 
rely  on  the  coincidence  so  clearly  indicated  by  -Mr.  IIopkiit»  i 
iog  between  those  natural  features  and  the  mechanical  re«ull 
•train  and  rupture  of  a  great  ellipse  of  elevation.  There 
deed  to  be  no  escape  from  his  inference,  thnt  such  transverse  1 
or  their  deepening  and  extension,  were  imuiediately  dr|>endent  opa 
the  direct  resultants  of  the  formation  of  the  main  longitudinal  uj 
elevntion.  These  views  render  it  still  le?ts  possible  to  refer  tbclfal 
grand  denudations  of  the  Weald  to  the  ordijiary  action  of  the  Mk  I 
the  lost  tran.ilHtiuns  of  its  local  dril\.  If  an  ami  uf  the  lea  had] 
mnnenllv  occupied  this  tract  during  each  uf  llie  lung  periodi  ia  wi 
the  advocates  of  gradual  causation  supiiuae  the  strata  to  h«Tt  i 
•uoceasivcly  broken,  crund)led  down,  anu  washed  away ' 
find  acme  relica  of  the  water-worn  shingle,  of  former  timM»  i 
numerous  escarpments  of  I'ppor  and  LoHcr  (irecnaand.  ' 
along  the  edges  of  the  e»car]iments  of  the  chalk  or 
of  former  seas.  But  if  not  along  those  main  shores, 
by  which  the  great  bay  cnniinunicated  witii  the 
the  transverse  valleys  must  in  that  case  hare  been)  Oi^t  i 
to  present  to  us  lines  of  water-worn  shingle,  smnethns  I 
beaches  of  our  own  coasts  or  the  rai«-d  ternut-n  of  Norway.  Wtoa 
at  all  events,  to  he  able  to  detect  as  gocHl  eviilence*  of  the  Am 
abode  of  the  wa  as  are  observable  in  the  vnllev  of  the  ScTrmarCM 
"Straits  of  Mulveni."  and  other  parts  of  hnj;tmid.  whei«  i 
and  shingle  coexist  t.  Un  tlie  coDtiarr,  we  tiuil  that,  in  i 
with  the  >i<'w  of  great  deinidatiou  and  tramlation  uf  ma 
just  in  such  gorges  that  there  are  |>atrhni  ui  the  : 
ever,  uf  the  rounded  materials  which  lung-cuntinucd  tidal 

•  See  Ljrell't  Msnaal  of  Elcmratarv  (,«olog;,  \»i\,  f.  2«>-n7. 
'f  See  UurehiMin'*  SUuhaa  Sjritem,  p.  UO. 
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waves  would  produce,  but  of  irregularly  formed  angiilHr  or  subangidar 
flint-gravel  and  drift,  uot  bedded  nnd  arranged  at  definite  heights 
above  the  (>resent  drainage,  but  arrested  at  various  altitudes  or  lodged 
in  the  lowest  depressions ;  alt  the  remains  which  can  be  detected  in 
them  being  exclinieely  terregtrial,  except  on  the  southern  sea-shore. 
Occasionally,  indeed,  the  drifted  materials  are  found  dovetailed  into 
the  cavities  of  the  fractured  bones,  aud  laud-shells  of  existing  species 
are  found  iu  the  loam  commingled  with  the  lost  species  of  quadrupeds. 

lu  this  view,  the  flint-debris  of  the  Wealden  or  of  the  transverse 
openings  belongs  to  the  same  great  turbulent  era  of  fracture  and 
translation  as  the  materials  of  the  Brighton  Breccia  and  of  the  slopes 
of  the  South  aud  North  Downs.  For,  although  the  currents  must 
have  been  severally  tnodified  according  to  the  form  of  the  kud,  and 
the  detritus  must  have  been  more  angvdar  when  removed  to  a  short 
distance  only  from  a  line  of  fracture,  there  are  no  evidences  in  the 
South-east  of  Kngland  to  indicate  that  these  violent  operations  were 
suspended,  to  be  succeeded  by  ordinary  tidal  action,  and  then  to  he 
repeated  after  a  long  interval ;  or,  in  other  words,  that  the  drift 
can  be  divided  into  two  or  more  classes ;  although  it  is  so  dearly  se- 
parable, as  to  the  method  of  nccunuilation,  from  the  much  water- 
worn  sea-beaches  that  [ireccded  it.  Yet,  whatever  doubt  mav  he  en- 
tertained OB  this  point,  and  however  it  may  hereafter  be  found  to  be 
eajtable  of  subdivision,  there  can  be  little  in  affirming,  that  neither 
during  the  operations  which  deposited  the  debris,  nor  after  them,  was 
the  \Veald  valley  occuj)ied  by  the  waters  of  a  sea,  or  its  transverse 
gorges  by  marine  narrows. 

There  is  not  a  single  rounded  pebble  along  the  lower  edges  of  any 
of  the  escarpments  that  Hank  the  central  Wealden  ;  still  less  does  the 
tract  contain  any  fragments  of  marine  shells  ;  whilst  by  far  the  greater 
part  of  the  detritus  is  just  that  which  must  have  resulted  from  an 
action  which  left  the  shattered  debris  ui  positions  and  conditions 
which  no  ordinary  sea  would  have  done.  Nor  can  it  be  suggested, 
that  along  hundreds  of  miles  of  natural  escarpments,  the  supposed 
lines  of  de])osit  of  ancient  sea-shores  are  all  now  hidden  under  spoil  re- 
sulting from  the  diurnal  action  of  ages.  The  rocks  in  titu  are  e>ery- 
where  at  or  near  the  surface,  and  nowhere  is  there  any  svniptom  of 
action  of  the  sea.     .\gain,  all  the  fossils  found  inland  are  terrestrial. 

I  dwell  upon  this  ])oint  because  it  has  a  verj'  wide  application.  I  am 
indeed  bound  to  express  my  conviction,  that,  if  iimpjdicable  to  the 
Weald,  the  hvpothesis  of  dentidation  by  the  sea  will  still  less  apply 
to  the  much  grander  denudations  of  the  Old  Red  Sandstone  of  the 
Highland  Mountains  and  many  other  simdftr  phcenomena.  Whilst  I 
quite  admit  with  Sir  Charles  Lyell  "  that  all  deposition  is  the  sig^i  of 
superficial  waste  going  on  contemporaneously  and  to  au  ecpml  extent 
elsewhere,"  1  also  believe,  that  the  crystalline  matter  which  has  been 
protrude<l  to  the  surface  of  the  crust  of  the  earth  in  the  j)lutonic  and 
volcanic  rocks,  and  which  certaudy  rose  from  beneath,  occupies  even 
now  immeiise  superficial  areas.  Each  of  these  former  igucoius  evolu- 
tions (many  of  which  are  now  hidden  from  our  sight  by  depositions 
of  younger  formations  and  of  detritus)  were  undeniably  sudden  addi- 
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tiona  from  within  to  the  outer  crust,  and  not  mere  subcractMNW  fnm 
one  spot  and  additions  to  another.  Without  such  an  extnMtrc  M- 
tenia!  agent  in  a  former  condition  of  the  jilauet,  the  |;<olo|^  would 
indeed  be  sorely  puzzled  to  explain  liow  many  of  the  ««rUm 
began  to  be  formed.  Once  admitted  however,  and  he  haa  no 
culty  either  u|>on  this  head  or  upon  the  (U:$nii>ti(>aa  apcciBlIy  I 
consideration.  For  if,  as  I  believe,  the  agency  from  witiiai  wm 
much  more  intense  and  prolific  than  any  which  now  prerwls,  ■ 
we  very  well  imagine  how  the  ruptures  and  oscillationa  of  the 
were  greater,  and  how  the  translation  of  materiaLi  ou  the  ooommni  tf 
such  changes  was  more  violent  and  dispenive  than  anything  at  mhiA 
we  can  form  an  opinion  from  actual  observation. 

The  other  hypothesis,  by  which  incalculablr  tmI  nmwn  et  tW 
hard  rocks  that  once  filled  mountain  gorges  or  bra«d  ralleya  were  pa- 
dually  ground  down  and  removed  by  the  oniinary  action  of  lite  ani^ 
is  inconsistent  with  the  facts  above  narrated.  Still  more  it  it  «t 
aside  by  an  appeal  to  the  great  fractures  which  have  aiTcrted  to  naaf 
other  parts  of  the  earth's  crust ;  for  these  prove  that  the  agmcr  Iw 
which  many  geological  revolutions  were  elfect«d  was  aa  abri|«ij 
violent,  as  the  increase  of  sedinieut  during  long  agca  of  npuaa  wai 
gradual  and  nindogous  to  wliat  is  now  going  on. 

In  maintaining,  in  common  with  many  other  wrilen,  tliat  tkasa 
was  a  much  greater  inteuMty  of  fracture  in  former  stapsof  the  pWiiiil 
than  now,  I  also  infer,  that  such  dislocatious  mu«i  have  brra  antm- 
panied  by  torrents  of  water  then  m-i  into  play  ;  which,  whethn'  tlatr 
may  have  been  salt,  and  Ik-  called  waves  of  trauslatiuu,  or  fmh,  aaal 
were  obtained  from  subterranean  sources,  must  havr  powaHUIr  aiM 
such  sudden  strains  and  fractures,  and  thus  have  rflmed  tn  a  akart 
time  that  which  under  ordinary  circumstances  could  not  harr  liMa 
done  in  thousands  of  years.  Anv  ordinary  tiilal  action  wr  can  eaa> 
ceive  would,  I  repeat,  have  left  signs  either  of  succcmvc  ««<diacnt  «r 
of  water-woni  pebbles,  and  would  not  have  afforded  tlw  clear  ptoab 
that  have  been  adduced  either  of  sweeping  deniulationa  down  to  tlkr 
bare  framework  of  tlie  rocks,  or  of  angular  dril\  distributed  in 
and  patches  at  various  altitudes.  In  aecouutiiig  for  nuch  (Kta, 
a<Ivocate  of  the  tidal  actiou  of  the  sea  niecLi  with  iusttmooiltallla 
fieulties  at  the  very  threshold  of  his  |>o!titiou.  Instead  at 
|)cbbles  in  the  last-formed  detritus  of  the  South-eaat  of  Enf^oad,  ht 
sees  both  on  this  and  on  the  other  side  of  the  Channel  near  C«laii^ 
that  where  there  is  a  true  water-worn  beach,  it  liea  beneath  loeal  drifts 
in  which  all  is  fragmentar)-  and  tumnltuou* ;  and  hence  he  ia  Ml 
authorized  to  ap)>eal  to  the  mere  forms  of  the  esrarpmenta  of  chaft. 
or  to  insulated  |iyrainids  or  outliers  of  that  rock,  as  nroolii  ihaft  the 
sea,  as  wc  now  undrrstand  its  action,  coold  have  prooncnl  aajr 
results.  \Ve,  who  take  the  opposite  rlew,  assert,  tliat  the  *  ~ 
and  breaking  down  of  nK'k-inasses  by  upheavaU  and  drjireaaiaai 
tlie  fintt  gtei>s  in  accomplishing  such  ends,  and  UuU  the  sudden 
of  water?  incident  on  such  great  oscillations  was  the  chief 
agent,  and  Muiply  lefl  the  outline  of  the  rocks  when 
acted  on  for  afler-agcs  by  diurnal  atmospherie 
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Nor  have  we,  in  liiscussiiig  the  question  of  the  Wealden  denuda- 
tion and  the  fonriBlion  of  its  local  drift,  the  power  of  invoking  the 
agency  of  ice,  as  in  the  more  northern  tracts  of  England  and  Scot- 
land and  over  large  portions  of  Ireland.  Here  we  cannot  appeal  to 
terrestrial  or  sea-borne  ice,  to  get  rid  of  the  ditiiculty  of  tumultuous 
acrnniuintion,  hy  supposing  that  icebergs  impinged  upon  alluvial 
matter.  For  no  one  has  yet  ventured  to  suggest,  that  the  heights  of 
Butser,  Hind  Head,  or  Leith  Hill  «ere  the  abodes  of  glaciers,  nor 
has  any  one  detected  appearances  in  the  drill  within  or  without  the 
Wealden  area  which  can  be  considered  to  have  resulted  from  the 
mechanical  action  of  ice ;  still  less  have  any  species  of  arctic  shells 
or  far-trnnsportcd  blocks  ever  been  observed  within  the  area  affected. 

The  natural  impression,  therefore,  is,  that  the  last  great  niptures  and 
denudation  of  the  Wealden  being  comjdeted,  this  tract  was  shut  out 
and  excluded  from  the  influence  of  that  boreal  sea,  of  whose  former 
effects,  including  the  powerful  operation  of  floating  ice  and  frozen 
mud  and  stones,  there  are  such  clear  signs  over  wide  spaces  in  Scot- 
land, Ireland,  and  Wales,  as  well  as  over  large  northern  portions  of 
the  t'ontiueuts  of  Europe  and  America. 

Such  general  drii'ts  are  to  be  considered  as  distinct  from  the  local, 
angidar  flint-drift  of  the  South-fast  of  England. 

In  sustaining  these  views,  I  have  simply  endeavoured  to  substan- 
tiate by  an  appeal  to  physical  evidences,  that,  as  many  species  of  qua- 
drupeds doubtlessly  passed  away  by  gradual  extinction  and  long-con- 
tinued ordinary  causation,  others  were  suddenly  destroyed  l)y  local 
oscillations  and  violent  fractures  of  the  crust  of  the  earth,  and  were 
entombed  in  drift  accumulated  under  transient  volumes  of  water.  For, 
whilst  it  is  our  special  duty  as  geologists  to  examine  the  drifted  mate- 
rials of  each  country  in  reference  to  its  own  |)hreuomena,  wc  must  not 
forget  that  the  very  same  species  of  fossil  quadrupeds,  as  those  to 
which  I  have  been  adverting,  have  also  been  buried  in  the  gold- 
bearing  drift  of  the  Ural  IMomitains  and  Siberia,  as  well  as  in  the 
coarse  detritus  of  similar  age  covering  other  large  jiortions  of  the  world, 
which  also  has  been  accunudated  under  a  nmcli  more  powerful  agency 
and  much  more  copious  volumes  of  water  than  have  since  affected 
those  lands.  It  is  manifest,  therefore,  that  however  the  subsidiary 
causes  may  have  been  local  and  diversitied,  there  was  a  very  general 
destruction  of  great  terrestrial  animals  during  the  period  ui  question. 
In  a  word,  Geology  teaches  that  slow  and  long-coutinued  accumula- 
tions have  been  succeeded  at  various  epochs  by  violent  dismember- 
ments, and  it  is  to  one  of  the  last  of  these  periods  of  great  revolution 
that  attendou  ia  now  directed. 


Postscript. 

Although  I  have  exj)ressed  my  opinion,  that  the  upper  heaps  of 
unstratitied,  angular,  or  unrolled  flints,  which  vary  in  thickness 
from  2  and  3  to  25  feet,  resulted  chiefly  from  one  operation,  I  fully 
admit,  that  in  some  situations  (particularly  along  the  Susses  coast) 
the  lower  members  of  the  drift  have  been  accumulated  under  aqueous 
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conditions  of  less  violence  than  the  overlying  broken  flints.  In  fhori, 
I  believe  that  the  period  of  the  drift  of  this  region  w«»  c 
vrhich  several  vibratiouB  and  oscillations  of  the  surface  fSoIlowed  < 
other,  whilst  the  lands  were  tenanted  by  large  (juadruped*  nam  ex- 
tinct, and  the  testacea  uf  the  land  and  sea  were  tho^  that  nour  pmafl 
in  the  same  latitude.  The  stectionii  of  the  clay  and  thnl-dhft  bef  wmb 
Brighton  and  Hove,  that  have  been  mentioned  p.  ^{67,  ■lutAin  tlui 
view.  Since  the  memoir  was  printed,  frejth  excavatiooa  tot  Iwkk- 
earth  have  co!n|iletely  substantiated  the  fact,  tbAt  however  Baadl  iki 
clay  under  the  angular  Hints  may  there  have  a  tcrtiuT  aaaeet,  ifcc 
whole  is  of  the  same  modem  or  pust-pliocene  age,  throof^n  •  uidcDBi 
of  upwards  of  -10  feet.  The  following  is  a  detailed  section  of  the  mtlbtai 
as  recently  cut  into  ;  but  it  must  be  understcxid,  tluit  nii  unr  af  dw 
masses  described  is  persistent  in  a  horizontal  extrnxinn  for  more  tkn 
a  few  yards,  and  that  each  of  them  is  capriciously  d»tribat«<l. 

9%.     te. 

1.  Upper  liiam  and  anipiUr  flints,  the  lali«r  aiueh  prrrailinic :  roU  ef 

all  Irai'et  of  ttrddiii);,  ami  ItllJnf;  ttiinuUitoiitly  very  imgular  deprea- 

sioim  in  the  clay  briiiw.  (Angular  flinl-drift)    8  lo  U    C 

2.  Brownish, orhrcoiis  brick-earth  with  lomr  und,  an  oeetikmal  i 

fragment  of  chalk  or  flint,  a  trrtiary  priibleat  rare  lulcnrab,! 

of /.i^/on'aa  here  and  til  >         it  of  IxMliting 171 

3.  Sandy  liliiish  clay  with  III:  i  of  llipimpntamiw?  nti 

iccili  of  llitrtr,  Slag,  A  -  uf  Ute  ((iccwa  LUtwrmt 

litioratuMii  MyliluMt.  <<rviBg ita eojowli  mach 

fnicturrd,  chiefly al  Ihr  I son  lb<  upper "aUafJa." 

The  nialrit  ia  p« idently  the  rexidue  of  •  tertiary  clay  in  wbkb  wamm 

CrrilhintTK  Mill  di>cernible    

Coar«e  "iihinglc"of  unrolled chalk-Hintinotniuchfraeturol. and  look- 
ing a>  if  tliry  had  been  moved  a  ibon  diitance  oul;  ;  «iili  n  fr« 
(•ebhies  of  ^anite  Siachaau 

}.  SaniU  of  ochreont,  nhiic,  and  |;rey  eoloun,  with  oeeaiioaal  ftaf>. 
menit  of  tea-tbelU  near  the  top,  and  with  nn  Urgt  wataiw 
IKbhIet    .....  I  foot  to 

S.  Lower  "  tbingle,"  of  the  aame  materiala  aa  lh«  upp«x  ahtn|i(  (  ikc 
iwhblpi  rounded  and  aniall,  varying  (rum  3  M  8  ioche*  ■■  liat, 
niucli  waletwnm , 9ia(haa  to 

7.  Chalk-hrrcria  uf  >mall  tbickneu. 

8.  Chalk  Willi  niiiu,  in  which  a  tlrong  apring  of  water  tiiaa  at  «  fcat 

bduw  the  surface. 

The  two  couraen  (4  and  6)  of  "  shingle,"  as  they  are  called  ! 
workmen,  between  Brighton  and  Hove,  constitute,  with  the  H 
lated  saud  (.'>),  but  one  stratum  only,  which  is  clearly  the  i 
of  the  old  beach  of  Kemp  Town.  A  few  uf  tlie  >anie  ]ie}>hln  ' 
occur  iu  the  upper  and  lower  shingles  are  found  at  iutnrala  ia  ikt 
fine  sand,  and  where  the  latter  thins  out,  tlie  two  pebble  camwmtm 
united.  The  clearest  proof  of  the  identity  of  the  ilixe  «litii|;|».ba^ 
with  the  old  beach  of  Kemp  Town  consLita  in  the  i  ib  kolk 

of  granitic  rocks  with  large  chalk-tlint«,  all  more  ■■)  -  .t« 

and  perfectly  distinct  from  evcrj'  poetim  of  tfaa 
tiuux.     Now,  this  one  and  the  same  fbrmcr  beaehl  which  ht  vtrnj^ 
where  recumbent  on  the  bare  chalk,  is  about  'J  I  feet  Wmp  hifk- 
water  mark  at  the  west  end  of  Brighton  (ace  Woodcut,  &*•  11  )b' 
not  les»  than  15  or  16  feet  aboet  the  aane  Itvri  at  the 
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Station,  KenipTown.  This  fact,  which  proves 
that  tlie  coaijt-liiic  iindenveiit  an  oscillation 
of  40  feet  at  so  n'cont  a  jicriod,  iii  a  space 
of  two  miles,  will,  it  seems  to  nie,  account 
salisfactorily  for  the  tuniultuous  accumula- 
tions which  followed,  and  particularly  for 
the  sudden  Irnnsport  of  the  angular  flint-drift 
iiliove  the  beach  so  affected  ;  the  overlying 
blue  clay,  yellow  clay  or  brick-earth,  and 
the  heajis  of  flint  beinp;  all,  according  to  my 
view,  parts  of  the  drift  which  were  succes- 
siA'cly  accumulated  along  the  shore,  in  cue 
and  the  same  period,  which  terminated  with 
great  violence. 

Another  new  feature  of  interest  has  been 
added  to  tlie  descriptive  geology  of  the  en- 
virons of  Brighton  by  a  recent  excavation 
for  brick-earth  on  the  north  side  of  Furze 
Hill  (Wick),  which  proves  that  this  S|iot  of 
high  ground,  the  property  of  iiaron  de  Gold- 
aniid,  to  which  the  western  jiart  of  the  town 
is  now  extending,  is  composed  of  Plastic-day 
in  situ,  and  not  of  the  re-aggregated  drift- 
clav  just  described,  which  so  prevails  in  the 
fluf  grounds  along  the  Sussex  coast.  I  had 
doubts  on  tliis  point  (see  ]».  3()7),  and  they 
have  been  removed  by  visiting  the  new  cut- 
tings accompanied  by  Mr-Johnt^arrickMoore 
and  Mr.  D.  Sharpe.  From  1 5  to  'M  feet  of 
mottled  plastic-clay  with  courses  (one  of 
which  is  3  feet  thick)  of  black  bituminous 
earth,  in  ]>arts  a  lignite,  have  been  clearly  ex- 
posed. This  clay  differs  essentially  from  the 
drift-clay  tliat  has  been  derived  from  it,  in 
containing  no  fragments  of  tlint  or  clialk, 
aud  is  therefore  of  superior  value  for  the 
manufacture  of  bricks.  It  contains  yellow 
decomposing  iron-pyrites,  which  gives  origin 
to  a  mineral  water,  having  the  same  acrid 
taste  as  that  of  Alum  Bay  in  the  Isle  of 
M'ight  ;  and  there  is  Uttle  doidit  that  the 
4  adjacent  saline  chalybeate  of  Wick  owes  its 
I  chief  properties  to  the  same  stratum.  Nu- 
^  tnerous  openings  of  the  surface  for  the 
-  foundations  of  new  houses,  around  this  hill 
of  plastic-clay,  expose  either  the  chalk  with 
flints,  or  that  rock  covered  by  a  few  feet  of 
re-aggregated  stiff  loam  with  some  coarse 
unrolled  flints  mixed  up  in  it.  This  mass 
of  Plastic-clay  is,  theretore,  as  complete  an 
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outlier  as  that  of  Patching  before  described  (p.  372).     It 
jioarp(i  to  nif  desirable  to  ex]ilain  the  general  relations  of  the 
the  ehalk  and  older  tertiary  deposits  in  sihi  at  this  western 
Brighton,  and  to  illustrate  them  by  the  accomiMtn^'ing 
fig.  12. 


4g 

in  oflB 


I  have  oidy  to  add  that  I  have  just  received,  together 
revise  of  this  postscript,  a  copy  of  a  memoir,  by  Mr.  Martin  ( 
borough,  on  the  "  Anticlinal  Line  of  the  Lonilon  and  llampsliiH 
Basins,"  recently  publishc-<l  in  the  Philosophical  Mngazinr,  I 
vol.  ii.  I8.ll,  in  which  I  rejoice  that  his  pap<-r  on  the  "Probablrl 
nexioii  of  the  Eastern  and  Western  Chalk  Denudation*,"  to 
I  have  adverted  as  having  been  mislaid  at  the  Geulogii-al 
lias  at  Ifugfh  been  printed.  I  much  regret  not  to  have  had 
to  a  production,  so  pregnant  with  original  obser^'ations  on  the 
cliniil  and  syncUnal  lines  of  the  South  uf  England,  and  wliirh 
liave  enabled  me  to  enforce  more  cugenilv  »onie  of  the  nr^uinfiill  | 
have  endeavoured  to  advance.  The  reader  who  may  culUte  my  dt> 
ductions  concerning  the  drif\  with  tliose  of  Mr.  Martin  will  m*.  tlH| 
whilst  I  agree  with  him  in  the  manifest  proofs  of  Tiolawe  ia  iIm 
dinlocatiou  of  the  rocks  and  the  sudden  and  tumnltnona  tmulaiiaairf 
a  large  portion  of  their  debris,  I  au^  not  of  his  opinioit  thmt  the  dam- 
datiou  of  the  VVealden  and  of  its  tlankuig  ridges  was  the  nmuHnottmi 
grand  operation  oidy.  1  have  to  express  my  regret,  that  I  should  ' 
been  unaware  of  NJr.  Martin's  previous  description  of  the  wrtl' 
tertiar}'  clay  and  |>ebhles  at  Iligbdowu  Hill,  Patching  (Phil.  M»f(. 
vol.  ii.  p.  191),  which  I  have  described  above,  p.  37"- ;  but  Ii 
adhere  to  the  view  first  taken  by  Dr.  Mantell,  that  the  watrrwan|| 
roundetl  shingle  under  the  drit\  at  Brighton  is  of  the  modem 
assigned  to  it,  and  that  it  cannot  be  assimilated  to  the  I 
the  older  terliarj-  pebble  beds  whicli  have  been  left  here 
upou  the  surface  of  the  Chalk  Dills. 
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ANNUAL  GENERAL  MEETING,  FEB.  21,  1851. 
REPORT  or  THE  COUNCIL. 


In  laying  before  the  Geological  Society  a  Report  of  the  occurrences 
of  the  past  j'ear,  the  Council  congratulate  its  Members  on  the  gene- 
ral prosperity  of  their  afiairs.  Their  numbers  have  sustained  a  small 
diminution.  During  the  past  year  14  Fellows  have  been  elected,  in 
addition  to  2  who  have  paid  their  admission-fees  in  the  last  year, 
although  elected  in  the  previous,  niuking  an  increase  of  16.  On  the 
other  hand,  the  Society  has  lost  12  Fellows  by  death,  and  11  by 
resignation,  in  all  23.  Deducting  from  this  number  the  16  new- 
Fellows,  the  decrease  in  the  number  of  Ordinary  Fellows  is  7.  The 
Society  has  lost  by  deaths  2  Honorary  Members  and  6  Foreign 
Members, — while  2  Foreign  Members  have  been  elected,  occa- 
sioning a  loss  of  6  ;  which,  added  to  the  loss  of  7  Ordinary  Fellows, 
reduces  the  number  of  the  Society  from  SS8  at  the  close  of  J 849, 
to  875  at  the  close  of  1850. 

The  expenditure  during  the  past  year  has  exceeded  the  income 
by  £120  \Qs.  6d.  This  has  arisen  from  the  unusual  expenditure  on 
the  Library,  and  on  the  Quarterly  Jeurnal.  It  will  be  in  the  recol- 
lection of  the  Society,  that  during  the  years  1848  and  1849  the  in- 
come had  exceeded  the  expenditure  by  the  sum  of  £289  Os.  Sd. : 
theCouncii  judged  that  no  mode  of  expending  a  portion  of  this  balance 
could  be  devised  more  favourable  to  the  interests  of  the  Society,  or 
more  in  unison  with  their  wishes,  than  in  the  purchase  of  books. 
They  have  accordingly  expended  £84  towards  this  object,  and  the 
list  of  the  more  important  works,  printed  in  the  Report  of  the  Library 
Committee,  will  show  the  value  of  this  accession  to  the  Library. 

The  gum  expended  on  the  Journal  has  also  exceeded  the  average 
of  past  years,  in  consequence  of  the  number  of  engraved  plates  re- 
quired for  the  illustration  of  papers  read  before  the  Society  being 
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three  times  as  great  as  in  XHVJ.    After  deducting  this  extr 
expenditure,  there  is  still  a  balance  in  favour  of  the  t>oci( 
the  last  three  years  of  £168  10*.  2rf. 

The  number  of  corapnunders  at  the  clme  of  1849  wm*  ISl,  ai 
the  close  of  1850,  132;  two  having  died,  and  three  Fellom  lu 
conipounded  during  the  year,  whose  compositions  have  been  iain 
in  the  Funds.  The  total  amount  received  from  these  ISScompoal 
is  £4158.  The  amount  of  Stock  held  at  the  cIom  of  ISM 
£3597  10*.  5f/.,  and  at  the  close  of  1850  £3695  St.  Sd. ; 
mated  value  of  which  (Consols  being  at  96)  is  £3547. 

The  Council  have  to  announce  the  completion  of  V«)l. 
Journal,  and  the  publication  of  the  first  part  of  Vol.  VII. 

The  Council,  having  repeatedly  received  applicationi)  fron 

Scientific  Bodies  to  receive  their  publications  in  exchange  1 

of  thiH  Society,  have  come  to  the  resolution  of  adopting  tbi*  | 

of  exchange;  with  the  view  both  of  diffusing  abroad  a  Icnoa 

the  progress  of  our  science  in  England,  and  of  ac(|uiriitg  valj 

foreign  works  which  cuuld  not  otherwise  be  procured.     TMfbl 

ing  .Societie:)  have  already  entered  into  this  amicable  arrmnfcaa 

The  Linnean  Society  of  Normandy. 

The  Society  of  Agriculture  and  Science  of  I'uy  «*n  Vi 

The  Linnean  Society  of  Bordeaux. 

The  Academy  of  Sciences  of  Lyons. 

The  .Academy  of  Sciences  of  Madrid. 

The  Acidemy  of  Science  of  Philadelphia. 

The  Chemical  Society  of  London. 

Mr.  Nicol  having  accepted  the  appointment  of  Profe 
logy  in  Queen's  College,  Cork,  the  Society  has  lo<it  the  i 
that  zealous  officer.  From  several  d<'«erving  randidatM,  the  Cof 
selected  for  recommendatiun  Mr.  Rupert  .)onc«,  for  Um  oflle 
Assistant  Secretary,  Librarian,  and  Curator  of  the  Muscgqi ; 
this  recunimendatioii  was  confirmed  by  a  General  Meetiii|(. 

When  the  Council  determined  in  1845  that  Palladium  wa^ 
fittest  subvtance  to  employ  for  the  Wollanton  Medal,  Mr.  fVfi 
Norton  Johnson,  F.G.S.,  exprc^sfd  a  wish  to  prpx'nt  PailAtiiiM 
that  object,  as  a  token  of  his  grateful  esteem  for  Dr.  WMt 
Plilladium  then  presented  being  at  length  exhausted,  ' 
ha«  again  most  handsomely  offered  to  pro. cut  the 
requisite  metal.    The  Council  have  t  ,  expra 

to  Mr.  Johnson  for  this  renowe<l  pr<>  ~  regantfbrl 

and  his  esteem  for  his  late  friend  Dr.  \V  ollaston  :  and  kava 
directed,  that  the  name  of  Mr.  P.  N.  Johnsoa  be  added  to  th«  \ 
tributors  to  the  Donation  Fund. 

The  Council  havo  ordered  that  a  Bronze  copy  of  the  Wol| 
Medal  be  presented  to  the  I'runlces  of  the  British  .MuMnio. 

The  arrangement  of  the  Foreign  Cullrction,  tho  rumiM^ncai 
of  which  was  announced  in  thr  last  .Annual  Report,  haa  baasj 
tinued  during  the  past  year  by  a  (ronimitlc«  coitsiating  of  Mr.  | 
ertiank,  .Mr.  Pratt.  Mr.  Sharpr.  and  .Mr.  ."v  W'ooil.  Sack  . 
as  wcrv  not  required  for  the  CoUeetioaa  bare  been  Mt  i 
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vided  into  sets,  for  presentation  to  other  scientific  bodies.  Of  those 
Societies  which  have  applied  for  duplicate  specimens,  the  Council 
have  preferred  the  claims  of  such  as  apply  their  collections  to  educa- 
tional purposes;  conceiving  that  in  so  doing  they  best  promote  a  taste 
for  geological  investigation.  They  have  accordingly  directed  sets 
of  rocks  and  minerals  to  be  presented  to  the  Societies  enumerated 
in  the  Report  of  tlie  Museum  Committee. 

The  Council  have  also  to  announce,  that  in  consideration  of  the 
long  and  faithful  services  of  Mr.  Charles  Nichols,  they  have  resolved 
that  his  salary  henceforth,  dating  from  the  last  quarter,  shall  be  £120 
per  annum. 

In  conclusion  they  have  to  inform  the  Society  that  they  have 
awarded  the  Wollaston  Palladium  Medal  for  this  year  to  Professor 
Adam  Sedgwick  for  his  important  and  original  researches  in  Geology, 
more  especially  for  his  Memoirs  inserted  in  the  Transactions  of  the 
Geological  Society  of  London  and  Philosophical  Society  of  Cam- 
bridge, developing  the  rtructure  of  the  British  Isles,  the  Alps,  and 
Ilhenish  provinces  ;  and  that  they  have  granted  the  balance  of  the 
proceeds  of  the  Wollaston  Donation  Fund  to  M.  Joachim  Barrancie, 
for  the  purpose  of  assisting  him  in  the  publication  of  his  valuable 
work  on  t!ie  Silurian  .System  and  Fossils  of  Bohemia. 

Report  of  tite  Mtueum  and  Library  Committee. 

The  Committee  beg  leave  to  present  the  following  Report  on  the 
state  of  the  Museum  and  Library,  and  on  the  progress  made  in  those 
departments  during  the  past  year. 

Mutcum. 

British  Collection. — This  most  imjjortant  part  of  the  Society's 
collection  continues  in  the  excellent  order  in  which  it  was  left  by 
Mr.  Lonsdale  and  liis  successors,  which  is  such  as  to  enable  any 
visitor  consulting  it  to  find  the  object  he  is  in  search  of  without  waste 
of  time.  Mr.  .Jcjnes  has  pl.ieed  in  their  proper  drawers  the  specimens 
which  have  been  presented  to  the  Society  during  the  year,  and  also 
some  good  British  fossils  *v!iich  were  found  in  examining  the  uccu- 
inulation  of  specimens  which  had  formed  in  the  crypts.  The  drawers 
are  nearly  all  full,  but  it  will  be  easy  to  find  room  for  the  specimens 
likely  to  be  presented  during  several  years,  by  discarding  many  of 
the  inorganic  specimens,  which  are  of  little  interest  in  the  present 
state  of  science. 

Foreiffn  Collection. — The  Committee  reappointed  by  the  Council 
to  arrange  this  department  have  devoted  such  time  to  the  work  as 
their  other  occupations  permitted  :  they  have  placed  in  drawers, 
arranged  in  the  order  adopted,  all  the  specimens  worth  retaining, 
brought  from  the  crypts  from  time  to  time.  As  these  repeated  ail- 
ditioua  frequently  deranged  the  parts  of  the  collection  previously 
arranged,  the  time  consumed  has  been  very  great,  in  consequence 
of  which  there  still  remain  some  few  things  to  be  worked  into  their 
places  in  the  Foreign  Museum.    Rut  when  it  is  remembered  that  in 

a2 


AHNTTSRaART  MKVTIKO. 


mrnnj 


the  course  of  the  la«l  two  3'ear»  tlie  Coinmiuee  hare  bad  ( 
the  contents  o{  nearly  3(X)  boxes,  and  have  sorted  about ' 
specimens  which  liad   been  sulfered  to  accumulate  do* 
will  not  be  charged  with  negligence  in  the  task  conimitird 

The  arraTigement  of  the  specimens  of  rocks  retained  in  thr 
Museum  is  quite  complete,  with  the  exception  of  the  cabta 
taiiiing  the  series  destined  for  niiiienilugieal  4tudy,  which  htMl 
received  the  additions  intended  to  be  made  to  it  of  »pccla 
aside  for  this  purpose. 

In  the  department  of  European  Organic  Kemaim,  the  Tertuur  m 
Secondary  scries  have  been  brought  into  vety  good  order ;  bat  t! 
Paleeozoic  series  requires  examination,  and  will  be  iinproTcd  | 
having  the  duplicates  weeded  out. 

The  Asiatic,  Australian,  African,  and  American  ooUectioiM  ara  i 
placed  in  drawers,  which  arc  nearly  in  the  onirr  they  are  flaaHj 
occupy  ;  but  these  drawers  contain  ninny  duplicate*  whiek 
be  removed  to  leave  room  for  future  additions. 

There  remain  downstairs  wuue  Ihixcs  belonging  to  dlWeret 
lows  of  the  Society,  and  two  inlereiiting  cullectiuns  the  iie»tJimlil 
of  which  has  still  to  be  con-idered,  the  one  of  mammalian  aatl  n^ 
tilian  bones,  the  other  of  fossil  wmxls,  both  from  varioua  eomlfia 
the  large  i<ize  uf  thcM-  sjiecimens  has  |>reventi-d  the  Cninniilf  flv 
arranging  them  in  the  l'i>reign  Museum. 

The  Hritish  Collection   being  in  exci-llcnt  order.  Uia  1 
suggest  that  such  time  us  the  As«iiitaiit  Secretary  may  I 
to  the  Museum  be  priocipally  devoted  for  the  preaeot  to  I 
Collection. 

Duplicatct. — The  Committee  oarafully  examined  the  wM*  of  ll 
mass  of  duplicates  and  unarrangcd  tpccimm*  which  were  i'*'*^hri 
in  the  crypts,  and  after  placing  in  the  Mu.«eum  tuch  u  were  rejoin 
there,  and  discarding  all  that  were  utterly  valuelesa,  act  apwt  d 
rest  conveniently  arranged  for  the  decision  of  the  CooaoL  I 
these,  the  Council  had  alreaily  presented  coUectiona  to  Uw  felloM 
Institutions,  viz. : — 

Museum  of  Practical  Geology,  a  collection  of  igneous  rorks; 
Military  .Academy  at  Woolwich,  a  rolhclion  of  mincraU  and 
£oole  lies  Mines,  I'aris,  a  large  collection  of  Br 
To  each  uf  the  (jueeu's  Colleges,  at  Cork,  D<  >  dal'i 

set  of  minerals ; 
Cirencester  Agricultural  College,  a  set  of  minei«l*; 
The  Free  Kirk  College  at  Kdinburgh,  a  act  of  miocnUa; 
Ipswich  Museum,  a  set  of  mineraU; 
Mr.  Robert  Krowu,  sptximens  uf  fuaail  wood; 

and  Dr.  Fitton  haa  received  bock  the  duplicates  wkich 
'"xtm  a  collection  of  fossil*  formerly  prtMruted  bv  bim,  aAcr  ( 
leciineiM  required  for  the  Society's  coUeeiiaa  bad  \ 
Ju  Maaann. 
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Library. 

Great  adilitions  have  been  made  to  the  Library  during  the  year, 
arising  from  presents  to  the  Society,  from  purchases  made  by  order 
of  the  Council,  and  especially  from  the  Tninsaciions  and  .lournals  of 
Foreign  Societies  received  in  exchange  for  the  Society's  Publica- 
tions. Tlie  plan  of  exchanging  Publications  with  Societies  abroad 
has  produced  such  excellent  results,  that  the  Committee  liupc  it  will 
be  continued,  A  Vml  of  the  principal  additions  is  added  to  tlie  Ite- 
port. 

Owing  to  the  large  additions,  it  has  been  necessary  to  re-arrange 
and  re-label  the  Books,  which  is  at  present  in  progress. 

Signed,  Charles  Lyell. 

Daniel  Sharpe. 
Searles  Wood. 
John  Morris. 
Somertct  House,  Srd  February,  18S1. 


Some  of  the  most  important  of  tfie  Books  purcliased  by  order  of 
Coitncil. 

Roemer's  Versteinerungen  des  Norddeutschen  Kreidegebirges. 
Miller's  Old  Red  Sandstone. 

Footprints  of  the  Creator. 

Linne's  Systema  Naturae,  12lh  Edit. 

Bronn's  Gesehichte  der  Nalur. 

Goeppert's  Genera  Plantarum  Fossiliiim, 

Philippi's  Enumeratio  MoUuscorum  Sicilioe. 

Annals  and  Magazine  of  Natural  History,  Last  Series. 

Forbes  and  Haiiley's  British  Mollusca. 

Agassiz'  Etudes  aur  les  MoUusques. 

Monographies  sur  les  lichinodermes. 

Dunlcer  and  Meyer's  Palseontogi-aphica. 

Miinstcr's  Beitriige  zur  Petrefacten-Kunde. 

Manlell's  Medals  of  Creation. 

Humboldt's  Aspects  of  Nature. 

Duiikcr  and  Koch's  Beitriige  zur  Kenntniss  des  Norddeutschen 

Oolithgebitdes. 
Geinitz'    Characteristik    der    Schichten  und   Petrefacteo  des 

sachsisch  biiliniischen. 
Unger's  Synopsis  Fossilium  Plantarum. 
Corda's  Beitrage  zur  Flora  der  Vorwelt. 
Hecr's  Insecten-fauua  der  Tcrtiiirgebilde  von  CEniugen  und 

von  Radoboj. 
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Comparative  Statement  of  the  Number  of  the  Society  at  the  dote 
the  yeart  1849  and  1850. 

Dec  SI,  1849.  DecSI.  I& 

Compounders ISl     133 

llesidentc 228     215 

Non-residents    456     461 

815  808 

Honorary  Members 19  17 

Foreign  Members    50  46 

Personages  of  Royal  Blood        4 — ^73  4 — 67 

888  875 


General  Statement  exjUanatory  of  the  Alteration  in  the  Numbef 
Fellows,  Honorary  Members,  ifc.  at  the  close  tf  the  yeart  1£ 
and  1850. 

Number  of  Compounders,  Residents  and  Non-residents, 

December  31,  1849 815 

ildi,  Fellows  elected  during  former  1  „„..  _.,  „ 

yea«.  and  paid  in  isl)  ....  /  •^«'dents. ...     2 

—  2 
Fellows  elected,  and  paid,  during  1  Residents.. ..     8 

1850  J  Non-residenU     6 

—14 

—  Irt 

85 1 

Deduct,  Compounders  deceased    '2 

Uesidciits 4 

Non-residents   6 

llcsigue<l 11 

—  'lA 

Total  number  of  Fellows,  3 1st  Dec.  IHoO,  as  above  . .        .StJS 

Number  of  Honorary  Menil>ers  Foreifin  Members,  and  1  „. 

Personages  of  Koyal  Blood,  December  81,  IS+i)    . .  / 
Add,  Foreign  Members  elected  in  IS.'JO "J 


IMuct,  Foreign  Members  di-ceased     5 

Honorary  Members '2 

Foreign  Niember  removed 1 
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Number  of  Fellows  liable  to  Annual  Contributian  at  the  close  of 
1850,  with  the  Alterations  during  the  year. 

Number  at  the  close  of  1 849 228 

Add,  Elected  in  former  years,  and  paid  in  1 850    2 

Elected  and  paid  in  1850 ,    8 

Non-residenta  who  became  Resident 1 


Deduct,  Deceased     

R&signcd 

Compounded 

Became  Non-resident. 


239 

\ 
11 

3 

6 
—       24 


Deceased  Fellows. 


As  above     215 


Compounders  (2). 
Tlioiiias  Cabbell,  Esq,  |  Sir  Robert  Peel,  Bart. 

Hesidenls  (4). 

Thomas  Bigge,  Esq.  I  Henry  F.  Hallam,  Esq. 

Thomas  Colbeck,  Esq.  |  James  Smith,  Esq. 


Non-residents  (6). 


Geoi^e  C.  Fox,  Esq. 
George  Leake,  Esq. 
William  P.  Taunton,  Esq. 


James  Thomson,  Esq. 
Charles  H.  Wilkinson,  M.D. 
Rev.  David  Williams. 


Honorary  Members  (2). 
Thomas  Fenwick,  Esq.  |  Major  Nesbitt 

Foreign  Members  (5). 

Prof.  H.  D. de  Blainville.        I        M.F.Dubois  de  Montp6reux- 
Marquis  de  Dr6e.  |        M.  Fran9ois  J.  Lain6. 

Lawrence  Pansner,  M.D. 


The  foUouring  Persons  ipere  elected  Fellows  during  the  year  1850. 

January  23rd. — Samuel  Clegg, jun.,  Esq.,  Putney;  F.  C  S.  Roper, 
Esq.,  Clapton  .Square,  Hackney ;  and  J.  O.  H.  Matthews,  Esq., 
Church  Street,  Toronto. 
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Map  and  Foar  Sheets  of  Sections  of  the  Daiuoudah  Coal  Field,  by 
D.  H.  Williams ;  presented  by  the  Directors  of  the  Honourable 
East  India  Company. 

Charts,  Plans,  &c.,  published  by  the  Depot  de  la  Marine ;  presented 
by  M.  le  Directeur-G6n6ral  du  Depot  de  la  Marine. 

Tableau  d' Assemblage  de*  Six  Feuilles  de  la  Carte  G6ologique  de 
la  France,  par  MM.  Dufr6noy  et  lilie  de  Ueaumont;  presented  by 
M.  ^lie  de  Beaumont,  For.  M.G.S. 

Johnston's  Plan  of  the  City  of  Edinburgh  ;  presented  by  Messrs. 
W.  and  A.  K.  Johnston. 

Environs  of  Oxford,  enlarged  from  the  Ordnance  Map ;  the  Geo- 
logical Survey  and  Sections,  by  the  Rev.  A.  D.  Stacpoole,  M.A. ; 
presented  by  the  Author. 

Carte  von  deni  Kaukasischcn  Isthmus  und  von  Armenien,  von  Prof. 
Dr.  Karl  Koch;  presented  by  the  Publisher,  Herr  V.  von  Die- 
trich Keimer. 


The  following  List  contains  the  Names  of  the  Persons  and  Pub- 
lie  Bodies  from  whom  Donations  to  the  Library  and  Museum 
were  received  during  the  past  year. 


Academy  of  Sciences  of  Dijon. 
Academy  of  Sciences  of  Paris. 
Admiralty,  The  Right  Hon.  the 

Commissioners  of  the. 
Agassiz,  M.  Louis,  For.  M.G.S. 
American  Academy  of  Arts  and 

Sciences. 
American  Philosophical  Society. 
Architect  and  Building  Gazette, 

Editor  of. 
AtbcnffiuiB,  Editor  of. 

Barrande,  M.  Joachim. 

Bcardmore,  N.,  Esq.,  F.G.S. 

Beke,  C.  T.,  Esq. 

Bellardi,  Signor  L. 

B6ron,  M.  P. 

Bianconi,  Prof.  J.  J. 

Bicheno,  J.  E.,  Esq.,  F.G.S. 

Brayley,  E.  W.,  jun.,  Esq.,  F.G.S. 

Brent,  G.  S.,  Esq. 

Breslau,  Akademie  der  Natur- 
forscher  zu. 

Breton,  Lieut.W.H.,  R.N.,  F.G.S. 

British  Museum,  Trustees  of  the. 

British  Association  for  the  Ad- 
vancement of  Science. 

Buckland,  Mrs. 


Calcutta  Library,  Curators  of. 
Cambridge  Philosopliical  Society 
Chantereaux,  M.  Bouchard. 
Chemical  Society  of  London. 
Condamiue,  Rev.  H.  M.  de  la. 
Conrad,  T.  A.,  Esq. 

Daubeny,  Prof.,  M.D.,  F.G.S. 

Davidson,  Thomas,  Esq. 

Deaue,  J.,  M.D. 

Dechcn,  H.  von. 

Delesse,  M.  Achille. 

Depot  General  de  la  Marine  de 

France. 
D'Orbigny,  M.  Alcide,  For.  M. 

G.S. 
Dumont,  Prof.  A.  H.,  For.  M«m. 

G.S. 

East  India  Company,  Hon. 
Egerton,   Sir  Philip  G.,  Bart., 

M.P.,  F.G.S. 
Elie  de  Beaumont,  M.  L.,  For. 

Mem.  G.S. 
English,  H.,  Esq. 

Faraday,  M.,  E8<|.,D.C.L.,F.G.S. 
Favre,  M.  Alphonse. 
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H               Fletcher,  T.  VV.,  Esq^  F.G.8. 

Mac  Adam,  J.,  Edq.                        ■ 

^H               Fouruet,  M.  J. 

Mantell,  G.  A.,  LL.D..  F.G.&     ■ 

Martin,  John,  Esq.                           ■ 

^M               Geological  Institute  of  Vienna. 

Milano,  Imp.  H.  Institnto  LaM> 

^M                Geological  Society  of  Dublin. 

bardo  di  Scienze. 

^M                Geological  Society  of  France. 

Moore,  J.  C,  Es<j.,  Sec.  Git 

^H                Geological  Survey,  Director-Ge- 

Murchison,  Sir  H.  I.,  V.P.GA 

^M                    neral  of  the. 

Mylne,  R.  W„  Esq,  F.G.S.          m 

■                Gibbes,  H.  W.,  M.D. 

M 

^M                Glasgow  Philosophical  Society. 

Nesbit,J.C..  Esq.,F.G.&    ^^ 

^M                Giippert,  Prof. 

^H 

^H                Gray,  Ilcv.  J.  E. 

Paris  L'Ecole  de*  Mine*. 

Paris,  Museum  d'Hktoif*  Nala- 

^B                Ilaidinger,  Herr  W. 

relle  de.                                        ^ 
Pcrrey,  Prof.  A.                              V 

^^^          Halle    Society   of   Natural  Sci- 

^^^H 

PhiladelphiaAcadeny  of  Natnnl 

^^^H          Hamburg    Society    of    Natural 

Science*. 

^^^H              Sciences. 

Prestwich,  J.,  juD.,  Eaq..  FXLS.  m 

^^^^L      Hartmann,  Herr  C. 

1 

^^HttHinckg.  Uev.  T.,  LL.D.,  Hon. 

Reeve  and  Co^  Mnxrs.                  H 

^^^^^^     Mem.  G.S. 

Rennie,  G.,  Eaq.,  F.GS.        ^^M 

^^H         Hogg,  John,  Esq. 

Riviere,  M.  A.                       ^^^| 

^^^H          Honibres-Firmas,M.Le  Baron  de. 

Royal  Academy  of  BdciaaB.^^H 
Royal  Academy  of  Beriia.          ■ 

^^^^^          Homersham,  .S.  C,  Esq. 

^^^^^  Hopkins,  Prof.  \Vm.,  F.G.S. 

Royal  .Academy  of  Miuifllb             ' 

^^^^^BP  Horner,  L.,  Esq.,  F.G.S. 

^^^^^^     Horticultural  Society. 

Royal  Academy  of  Turia. 

^^^^1          HuttoD,  Captain  Thomas,  F.G.S. 

Royal  Agricultural  Society   ot     „ 

Eoghuid.                            ^HH 

Royal  Asiatic  SocicCy.          ^^^| 

^^^H         Indian  Archipelago  Journal,  Edi 

^^^H             tor 

Royal  Astronomicsl  ^*>*M|!^^^| 

Roval  College  of  Saf]geoiw>  ^^^H 

^^^^^H  Jackson,  C.T.,  F.M. 
^^^^^^H  Johnston,  Messrs.  W.  and  A.  K. 

Royal  Cornwall  Poljlednae  S^H 

ciety.                                         H 

^^^^H  Jones,  Capt.  T.,  U.N.,  F.G.S. 

Royal  GeognfUe*!  Society.       W 

^^^^^^T  Junes,  T.  Rupert,  Esq. 

Royal  GeolggiolSodc^ofO^J 

^^M         Jukes,  J.  U.,  Esq.,  F.G.S. 

■H 

Royal  Institution.                     ^^^H 

^^B         Koch,  Prof.  Dr.  Karl. 

Ruyal  Institution  of  Corawal^^H 

^^^H         Kouinck,  L.  dc,  M.I). 

Royal  Society  of  CopettbagM^^H 

Royal  Society  of  Ediabwgl^^H 

^^^^1         Leonbard,  Dr.  G. 

Katimeyer,  Dr.  L.             ^^^^H 

^^^H        Lea  .\lpe»,  Journal  det  Scienoes. 
^^^^^             &c.,  Editor  of. 

^^^H 

Sabine.  Ucut.-Col-.  '  *~>  «    ^^1 

"^"^^     Linoean  Society. 
^           \    Logan,  J.  R.,  Esq.,  F.G.S. 

Suint-Clairt)  DcrUl                 .  ^H 

Scarborough    PhiloMipuicai  B^| 

■^^"  Lubbock,  Sir  J.W.,  Bart.,  F.G.S. 

ciety.                                       fl 

^^^^^^L^'.yccum  of  Natural  Ilistorj-.New 

Schlagloitrcit.  Dr.  H.and  Dr.  AjM 

^^^^^    PVork. 

S«<)g»ick,  Rev.  ProC  VXi^     ■ 

^^^^^     Ibqi,  Sir  Charie*,  Pres.  G.S. 

Sharpe,  D..  Emj.,  F.G.S.             ■ 
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Shropshire  and  N.  Wales  Natural 

History  Society, 
Silliman,  Prof.,  M.D.,  For.Mem. 

G.S. 
Soci6t6  d'Agriculture,  Science, 

Arts,  et  Commerce,  du  Puy. 
8ociel^  HoUaiidaise  des  Sciences 

a  Haarlem. 
Societelinperiole  de  Naluralistes 

de  Moscou. 
Soci^t^Linn^enne  de  Dordeaux. 
Societ^Linnecnne  do  Nuroiandie 
Society  of  Arts. 
Spencer,  J.  F.,  Esq. 
Stacpoole,  Rev.  A.  D.,  M.A. 


St.   Petersburg    Imperial    Aca- 
demy. 

Taylor,  R.,  Esq.,  F.G.S. 
Taylor,  Walton,   and    Maberly, 

^lessrs. 
Tchihatchef,  M.  P.  de. 
Tennaut,  Prof.,  F.G.S. 
Thurman,  M.Jules. 
Trimmer,  Joshua,  Elsq.,  F.G.S. 

Wild,  J.  J.,  Esq. 

Williams  and  Norgate,  Messrs. 

WisLaUen  Natural  Hist.  Society. 

Zoological  Society. 


Liit  of  Papeks  read  since  the  last  Anniversary  Meeting, 
February  I5t/i,  1850. 

1850. 
Feb.  27th. — On  the  Strata  and  the  Organic  Remains  exposed  in  the 

Cuttings  of  the  Branch  Railway  from  the  Great  Western  Line 

near  Chippenham,  through  Trowbridge,  to  Westbury  in  Wiltshire, 

by  R.  N.  Mantell,  Esq.;  communicated  by  G.  A.  Mantell,  LL.D., 

F.G.S. 
On  the  Dinornis  and  other  Birds,  and  tlie  Fossils  and 

Rock-specimens  from  New  Zealand,  by  G.  A.  Mantell,  LL.D., 

F.G.S. 
March   13th. — Report  on  the  discovery  of  Coal  near  Erzeroom 

(forwarded  from  the  Foreign  Office,  by  order  of  Viacount  Pal- 

luerston). 
On  the  Metamorphic  Rocks  of  Eastern  Nova  Scotia, 

by  J.  W.  Dawson,  Esq.;  communicated  by  the  President. 
.^^— ^^ On  the  Structure  of  the  Crystalliue  Rocks  of  the 

Andes  and  their  Cleavage  Planes,  by  Evan  Hopkins,  ILsq.,  F.G.S. 
March  27th. — On  the  Vents  of  Hot  Vapour  in  Tuscany,  and  their 

Relations  to  Ancient  Lines  of  Fracture  and  Eruption,  by  Sir 

R.  L  Murchison,  V.P.G.S. 
April  10th — On  the  Discovery,  by  Professor  Lepstus,  of  Sculptured 

Marks  on  Rocks  in  the  Nile  Valley  in  Nubia,  indicating  that 

within  the  Historical  Period  the  River  flowed  at  a  higher  Level 

than  in  Modern  Times,  by  Leonard  Horner,  Esq.,  F.G.S. 
April  24-th. — On    the  Boulder  Clay  of  Wick,  by  John  Cleghom, 

Esq. ;  communicated  by  the  President. 
On  the  occurrence  of  Marine  Shells  in  the  Stratified 

beds  below  the  Till,  near  Airdrie,    by  James  Smith,  Esq.,  of 

Jordan  Hill,  F.G.S. 
• On  the  New  Red  Sandstone  of  the  Vale  of  the  NitL, 

by  Robert  Harkness,  Esq.;  communicated  by  the  President. 

I  May  8th. — On  the  Geology  of  Spain,  by  Don  .1.  Ezquerra  del  Bayo ; 
communicated  by  Sir  R.  L  Murchison,  V.P.G.S. 
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1850. 

cudbrightshire,   by  Robert   Harkness,  Esq.;  communicated  by 

Sir  R.  I.  Murchison,  V.P.G.S. 
Dec.  4th. — Description  of  the  Graptolites  of  the  Clack  Shales  of 

Dumfriessiure,  by  Robert  Harkness,  Esq.;  communicated  by  Sir 

R.  I.  Murchison,  V.P.G.S. 
^■^——^-^^—  Ri'port  on  the  Coal  Mines  near  Erzeroom  (forwarded 

from  the  Foreigu  Office,  by  order  of  Viscount  Falmerston). 
Dec  1 8th.— -On  the  Epiohticltocksof  the  Venetian  Alps,  by  Professor 

T.  A.  Catullo  ;  communicated  by  Sir  R.  I.  Murchison,  V.P.G.S. 
■  ■-..■  On  the  Origin  of  the  Mineral  Springs  of  Vichy,  by 

Sir  U.  I.  Murchison,  V.P.G.S. 

Report  on  a  New  Combustible  Substance  (Punger- 


nite)  discovered  in  Russia  (forwarded  from  the  Foreign  Office,  by 
order  of  Viscount  Palmerstou). 
1851. 

Jan.  8th. — On  the  Volcanic  and  Tertiary  Strata  of  the  Isle  of  Mull, 
by  His  Grace  the  Duke  of  Argyll ;  communicated  by  the  Pre- 
sident. 

■        On  the  Estuary  Beds  and  the  Oxford  Clay  of  Loch 

Staffin,  in  the  Isle  of  Skyc,  by  Prof.  E.  Forbes,  V.P.G.S. 
[Jan.  22nd. — Memorandum   respecting  Choristopelalum  impar  and 
Cyatlifrphora  (?)  ekgaiis,  by  William  Lonsdale,  Esq.,  F.G.S. 

Oil  the  Superficial  Accumulations  of  the  Coasts  of 

the  English  Channel,  and  the  Changes  they  indicate,  by  R.  A.  C. 
Austen,  Esq.,  F.G.S. 

On  supposed  Casts  of  Footsteps  in  the  Wealden,  by 


S.  H.  Deckles,  Esq.;  connuunicated  by  the  President. 
I  Feb.  5th.— On  tlie  Silurian  Rocks  of  the  South  of  Scotland,  by  Sir 
R.  L  Murchison,  V.P.G.S. 


After  the  Reports  had  been  read,  it  was  resolved, — 

That  they  be  received  and  entered  on  the  Minutes  of  the  Meeting  ; 

Wid  that  such  parts  of  them  as  Ltie  Council  shall  think  fit,  be  printed 

and  distributed  aniunj;  the  Fellows. 
It  was  afterwards  resolved, — 

1.  That  the  thanks  of  the  Society  be  given  to  Sir  Charles  Lyell. 
retiring  from  the  office  of  President. 

2.  That  the  thanks  of  the  Society  be  given  to  Sir  Henry  Thomas 
De  la  Beche  and  Sir  Roderick  Impey  Murchison,  retiring  from  the 
office  of  Vice-President. 

3.  That  the  thanks  of  the  Society  be  given  to  the  Right  Rev.  the 
Bishop  of  Oxford,  Charles  Darwin,  Esq.,  Rev.  P.  B.  Brodie,  Dr.  Lyon 
Playfair,  and  L.  L.  B.  Ibbetson,  Esq.,  retiring  from  the  Council. 

After  the  Balloting  Glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  were  deolared 
to  have  been  duly  elected  the  Officers  and  Council  for  the  ensuing 
year: — 
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OFFICERS. 


PRSS/DSST. 
William  Hopkins,  Esq.,  M.A.,  F.U.S. 

FICB.  PRESIDE.VTS. 

Prof.  E.  Forbes,  F.R.S.  ami  L.S. 
(i.  B.  Greenough,  Esq.,  F.R.S,  and  I-.S. 
D.  Sharpe.  Esq.,  F.R.S.  and  L.S. 
Si-arles  V.  Wood,  Esq. 

SECRETAR/SS. 
William  John  Hamilton,  E8(|. 
John  Carrick  Moort>,  Esq. 

PORBWN  SECRETARY. 
C.  J.  F.  Bunbury,  Esq.,  F.L  S. 

TREASURER. 
John  Lewis  Prevost,  E^. 


COUNCIL. 


Prof.  D.T.  Ansfed,  .M.A.,  F.R.S. 
His  Grace  The  Duke  of  .\rgyll, 

F.R.S.  E. 
R.  A.  C.  Aukteu,    Esqn    B.A., 

F.R.S. 
C.  J.  F.  Runb«ry,  Esq ,  F.L.S. 
Sir  H.  T.  De  la  Bochc,  F.R.S. 

and  L.S. 
Sir  P.  Grey  Egerton,  Bart.,  M.P., 

F.R.S. 
Earl    of    Enniskillcn,     D.C.L., 

F.R.S. 
Prof.  E.  Forbes,  F.R.S.  and  L.S. 
O.  B.  Grcenough,  Esq.,  F.R.S. 

and  L.& 
William  John  Hamilton,  Enq. 
William  ilopkins,  Esq^    >M.A., 

F.R.S. 


Leonard  Homer,  Eaq.,  F. 

and  r.. 
Caj>t.  Hcnrv  .fomra,  R.E. 
Sir   CliariM   I.yrll,    V.^LS. 

L.S. 
G.  A.  .Manu-il,  LUD..  FJI 

and  L.S. 
'  John  ('.  Mocrr,  Kaq. 
Sir  R.  1.  Murcbtson.   U.CJt 

F.K.S.  and  L.S. 
Samiit'l  Pt-ace  Pralt,  ^)«  F. 

and  L.S. 
John  Lewis  PlrcTOM,  Emo. 
'  Prof.  A.  C.  Raniay. 
D.  Sharpe.  E«|.  F.R.S.  mmII 
W.  W.  Smjth.  Em,  M.A- 
S.  V.  Wood.  Esq. 
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Income  and  Expenditure 

INCOME. 

Outetanding,  1849  :  it  «. 

Quarterly  Journal,  Vol.  V.  (MeMn.  Longman  &  Co.) 

paidJune  14th   SO  15 

Quarterly  Journal,  Vol.  V.  Anther's  correctiooa. ...  17  S 

£      t.      d. 

Balance  at  Banker'*,  January  1,  1850 517   U      I 

Balance  in  Clerk's  hands 19  18     3 

537  9 

Compositions  received 94  10 

Arrears  of  Admission  Fees     12  12     O 

Arrears  of  Annual  Contributions 22     1     0 

S4  U 

Admission  Fees  of  1850    118  6 

Annual  Contributions  of  1850 684  1 

Dividends  on  3  per  cent.  Consols 10&  5 

Sale  of  Transactions ,.  .*^. .  39  4 

Sale  of  Transactions  in  separate  Memoin    •..  9  19 

Sale  of  Proceedings 4  3 

Journal,  Vol.  I.,  allowance  on  sale  from  the  Publisher.  .  O  15 

Sale  of  Journal,  \''ul.  II .>..>.i<<...  5  8 

Hale  of  Journal,  Vol.  Ill »»... 6  IS 

Sale  of  Journal,  Vol.  IV 9  4 

Sale  of  . Journal,  Vol.  V 40  11 

Saleof  Journal,  Vol.  VI 149  0 

Sole  of  Library  Catalogue 3  0 


Ikt 


9 
0 


0 

« 

2 

9 
7 
$ 
0 
0 

c 
s 

c 


We  have  compared  the  Books  and  Vouchets 
presented  to  us  with  Uiese  Statements,  and 
find  thvm  correct. 

DANIEL  SHARPE,     1 
J.  S.  BOWERBANKJ 

Jan.  29.  1851. 
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Year  ending  December  Slat,  1850. 

EXPENDITURE. 
Outstanding,  1849:  £     t.    d. 

Quarterly  Jonmal,  Vol.  V.  (Messrs.  R.  and  J.  E.  Taylor)  ..      42     2     6 

Compositions  invested 94  10    0 

General  Expenditure :  £   i.  d. 

Tares  35    1    4 

Fire  Insurance    3    0    0 

House  Repairs    12  15    6 

Furniture  Repairs  11  19    1 

New  Furniture   18    1    9 

Fuel     33    5    0 

Light  26    8    4 

Miscellaneous  House  Expenses,  including  Post*  1..    ^  .. 

ages J  " 

Stationery  22  16  10 

Miscellaneous  Printing 20  17    0 

Tea  for  Meetings    23  14    1 

254  19  10 

Salaries  and  Wages : 

Assistant  Secretary  and  Cmator  182  10    0 

Clerk   100    0    0 

Porter 80    0    0 

House  Maid    33    4    0 

Occasional  Attendants  10    0    0 

Collector 22    3    9 

427  17     9 

Library  84     7     2 

Museum 1  16    0 

Diagrams  at  Meetings  15  19    0 

Miscellaneous  Scientific  Expenses    4    3     5 

Contributions  of  1850  repaid    6     6     0 

Publications  : 

Transactions   34    6  4 

Transactions,  separate  Memoirs   0  12  7 

Journal,  Vol.  1.,  presentation  Copies    2    9  6 

Journal,  Vol.  Ill 0    9  9 

Journal,  Vol.  IV 0    8  7 

Journal,  Vol.  V 5  13  9 

Jonmal,  VoLVI 467  12  3 

Proceedings    2    0  0 

513  12     9 


Balance  at  Banker's,  Dec.  31.  1850 430    3     1 

Balance  in  Clerk's  hands 21  13    9 


1445  14    5 
451  16  10 

£1897  11     3 
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PROCEEDINGS 

AT  THK 

ANNUAL   (iENERAL   MEETING, 

21«T  FEBRUARY,  1851. 


Award  op  thk  Wulla.8TOn  Medal  and  Donation  Fund. 


After  the  Ilejiorts  of  the  Oouncil  had  been  read,  the  President,  Sir 
Charles  Lvell,  delivered  the  Wollastou  Palladium  Mcdiil  to  the  Ilev. 
AJam  Sedgwick,  M.A.,  Woodwardian  Professor  of  Geology  at  the 
University  of  Cambridge,  addressuig  him  as  follows : — 

Professor  Sedgwick, — The  Council  have  informed  tlie  Society 
in  their  Report  that  they  have  awarded  to  you  the  WoUaaton  Medal 
of  this  year,  for  your  original  researches  in  developing  the  Geological 
Structure  of  the  British  Isles,  the  Alps,  and  the  Rhenish  Provinces. 
It  was  impossible  for  them  to  embody,  in  the  brief  teniis  of  such  an 
award,  an  analysi.'s  of  your  numerous  and  varied  labour<(,  and  almost 
equally  l>eyond  my  power  to  attempt  to  do  the  same  in  the  few  words 
which  I  can  now  offer  on  this  subject.  I  may,  however,  refer  to  your 
memoirs  on  the  Magnesian  Limestone  of  the  North  of  England,  on 
the  Trap  Rocks  of  Durham  and  C!uniberland,  on  the  Fossiliferous 
Strata  of  the  North  of  Scotland,  and  on  the  Isle  of  Arran, — your  de- 
scription of  the  Moiwtains  of  Cumlierland  and  the  adjoining  Lake 
District,  and  of  North  Wales, — your  essays  on  Slaty  Cleavage, — the 
leading  part  you  took  in  determining  the  true  jiosition  and  age  of 
those  strata  of  Devon  and  Cornwall  which  we  now  term  Devonian, 
and  lastly,  your  papers  on  the  Alps  nnd  Rhenish  Provinces. 

In  addition  to  these  contributions  to  science,  the  Society  has  seen 
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with  pleasure  the  aiiuouncement  of  your  work,  now  ia  tbe  | 
prising  a  <ni-nopti(-al  view  of  the  Palwozoie  Faum  of  tbe  North  of 
iMiglaiid,  Wale>i,  uiiil  Seutlaiul,  i»o  far  «a  it  is  illiutrated  by  apeciaiwa 
collected  by  yourself  aud  presented  by  you  to  the  Woodwanfiaa 
Mitseum.  Wlieu  these  fossils  have  bera  deaeribed  by  I*raf.  11*00} 
aiul  figured  by  the  itkilful  artist  whom  you  employ,  oad 
gcolo^eal  l>earing  of  each  species  is  explained  in  your 
chapter,  this  volume  will  not  fail  to  form  an  iniportant 
our  scienlitic  literature. 

All,  however,  who  hear  ine  are  aware,  that  by  oral  i 
by  you  in  Lectures  at  Cambridge  and  in  coateraatiotial 
iu  this  room  and  elsewliere,  as  well  ns  by  the  iiiflueacr  of  amA  of 
your  writings  as  arc  partly  of  a  literary  and  partly  of  a  »cMiiti6c  dk»- 
racter,  you  have  done  nearly  as  much  to  forward  the  omub  at  G«»> 
logy  ui  England  as  by  the  meiuoira  of  which  I  hare  altcnplcd  i 
to  eniuucratr  the  titles. 


Proff.ssob  RKOfiWiCK  replied, — 

Mr.  President, — On  uccaaona  hke  the  preaenl,  it  ia  not  tW  i 
at  the  lioyal  Society,  for  one  who  receive*  a  Medal  to  tatnrapi  dtr 
pro(<eediug8  of  the  day  by  any  verbal  expmtioa  of  bia  tbanka  :  «tlfc 
this  Society  the  custom  has,  I  believe,  been  diftrot;  and  1  moi 
that  I  may  be  permitted,  before  you  begin  your  Aamtnaj  AJUnm 
to  say  a  few,  a  very  few  words,  in  order  that  I  niay  can*«r  to  jvm- 
M'If.  and  the  Members  of  the  Conncil,  my  heartfeh  iliaaks  fcr  llo 
high  honour  you  have  now  conferred  u{>on  me.     Believe  ow.  G*»- 
tlemen,  very  grateful  for  this  hononr,  which  will  be  remem)*^    i  If 
me  with  iienihuents  of  happineas  and  joy  ao  \aag  M  1  ahatt       a.    I 
do  not  wish  to  aay,  from  any  affected  modcaty.  tbat  I  an  ah^fritec 
unworthy  of  this  honour ;  to  aay  this  would  be  to  tinpii|B  j^x^hdgt- 
ment,  which  assumlly  1  have  no  ti^ht  to  do :  ami  1  am  ooi^Saoaaf 
having,  during  many  years  uf  my  lite,  tuiUnl  toroewhat  hanl  ia  tie 
work  of  Geologj-,  anil  iherelore,  in  your  serrtce  j   I  hAn 
that  I  owe  much  on  this  occasion  to  your  (ncadalup  aad 
regard.     Tliis,  allow  me  to  say,  ukes  not  from  llw  ItatliBf  «atar  ii 
ur  award,  but.  on  the  contiwy.  adds  to  it  and  imablaB  it,  aad  aaJka 
§  ^incom])arably  man  valne  to  myaelf,  than  it  cotdd  be  «m  i 
J  *^  p  Mnied  by  aeuttmenta  of  penooal  rtpuii  aad  food  ' 


I 
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I  could  almost  have  wished  that  this  award  in  my  favour  had 
been  deferred  to  a  future  year,  for  my  labours  are  still  in  progress, 
and  a  work  is  now  in  the  jircss  (alluded  to,  Mr.  President,  by  your- 
self,) that  would  have  a])|iearcd  before  this  time,  but  for  two  painful 
accidents,  which,  during  the  greater  part  of  the  last  two  years,  have 
cut  me  off  from  any  continued  efforts  in  the  field  of  Geology.  This 
work  will  contain  a  description  by  Professor  M'Coy  of  all  the  new 
palaeozoic  fossils  in  the  Cambridge  collection,  with  a  preliminary  dis- 
sertation by  myself  on  the  grouping  and  classification  of  the  older 
rocks  of  Engloud.  But,  alas  1  Gentlemen,  I  dare  not  speak  of  the 
fiiture  with  any  confidence,  for  I  know  that  my  last  three  or  four 
years  have  been  luiproductive,  and  I  know  that  in  a  very  little  more 
than  four  years,  should  life  be  granted  me,  I  shall  reach  that  limit 
of  man's  age,  beyond  which  his  days  are  "  but  labour  and  sorrow." 
Let  me  rather  then  be  gratefid  for  the  happiness  1  have  enjoyed 
during  the  many  years  of  active  and  intellectual  communion  1  have 
been  permitted  to  hold  with  the  Members  of  this  Society. 

I  am  indeed  reluctant  to  think  that  the  Medal  you  have  this  day 
awarded  me,  is  an  honorary'  tribute  to  one  who  is  at  length  retiring 
from  your  service.  I  wish  not,  and  mean  not  to  retire,  for  my  task 
is  yet  undone ;  and  if,  through  the  goodness  of  Providence,  my  life 
be  lengthened  out  in  sound  health  of  mind  and  body,  I  hope  still  to 
carry  on  my  work  and  to  be  still  your  grateftd  friend  and  active 
fellow-labourer. 

Wliatever  may  befall  myself  during  the  few  coming  years  of  my 
life,  believe,  Gentlemen,  in  this  heartfelt  expression  of  ray  thanks ; 
and  believe  me  smcere  in  my  wishes  and  aspirations  for  the  great 
and  continued  progress  of  this  Society,  and  for  the  happiness  and 
honour  of  all  its  Members. 

The  President  then  addressed  the  Foreign  Secretary  as  follows : — 
Mb.  Bunburv, — The  Council  have  resolved  that  the  Balance  of 
the  Proceeds  of  the  Wolkston  Donation  Fund  for  the  present  year 
be  awarded  to  M.  Joachim  Earrnnde,  for  the  purpose  of  assisting  him 
in  the  publication  of  his  valuable  work  on  the  '  Silurian  System  and 
Fossils  of  Bohemia.' 

The  reputation  of  M.  Rarrande  as  n  palaeontologist  was  already 
established  by  his  Memoirs  on  the  Brachiopoda  and  Graptolites  of 
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BoliPinta,  before  wc-  were  made  acquainted  with  that  Uboriou 
taking  tiic  succesii  uf  whicli  the  Council  are  uow  M|ieGiaDj 
to  promote.     As  the  {lublic  are  not  yet  in  poaMMioa  of 
information  res])ecting  this  forthcoming  work,  I  shall  aar  a  (ew\ 
un  its  particulur  scope  and  bearing. 

'  The  Sihirian  System  nf  Bohemia,'  a  part  of  which  is 
print,  will  consist  of  three  i|uarto  vohuneo,  ami  will  cunUin  160  fklrK 
illustrating  the  state  of  the  animal  kiiigdoro  in  tiir  moat  auiiiiit  f^ 
Iteozoic  period.  Some  uf  you  have  already  i>rcn  fifty-twoaf  tht  pti*^ 
deroti-d  to  the  deiUTiptiun  of  mure  than  'JUO  !)}H<cif»  of  Trilobila^  nlk 
which  the  first  volume  is  almost  exclusively  oecupied.  fotaiiag  • 
splendid  monogrnjih  uf  (hat  eurions  Irihe  of  extiiirt  emsUiMaM.  TW 
second  and  third  volumes  will  contain  the  Molliuca  and  crtbtT CMsik 
thirty  plates  of  Ccplinlopods  and  Rastcropods  hnug  aIrr«dT  niartiA. 
The  faithful  delineation  of  so  many  specimen*,  so  prrfcrtlT  | 
will  make  the  iimriue  fauiui  of  those  remote  tiinea  almoit 
known  to  us  as  that  uf  the  tertiary  seas. 

In  bringing  togetlier  ao  vast  a  collection  of  materiaLi,  the  i 
a  naii\e  uf  France,  depended  entirely  on  hi«  own  mount*,  ami  n- 
ceived  no  government  assi^itaiiee.  On  iuipiiring  of  him  wbal  «w  lis 
method  of  collecting,  tie  informed  me  ttiat  for  tra  eoiMenah*  ] 
he  had  :<ystematirally  pursued  tlie  same  plan,  which  ia  to  i 
uf  his  energ)'  and  perseverance,  that  the  Society  will  not,  I  ftil  i 
deem  it  unworthy  of  notice.  M.  Barrandc  firat  made  •  { 
survey  of  the  region  whicli  he  had  resolved  to  esplorr, 
detemiined  the  relative  position  and  outcrop  of  the  rariooa  1 
gaged  ten  or  twelve  intelligent  workmen,  who  were  '"nght 
aearch  for  fossils,  and  provided  with  all  the  necrsnuy  toola, : 
magiiifying-glaases.  Under  the  superintendcscr  of  their  i 
these  men  proceeded  to  o|H-n  and  work  innumerable  t 
there  seemed  to  be  a  |>ronii8e  of  obtaining  organic  rrmaina,  and  mUf 
for  that  object.  They  continued  tn  labour  QIualrmnMcdhr  ■  tto 
manner  for  ten  years,  and  the  following  statement  will  itive  aoB*  iln 
of  the  rich  harvest  which  they  reaped.  The  Boheinkti  lyttiwi  titt 
rlaases  of  foksils  previously  described  by  Stend»crg,  Boeck,  i 
scarcely  exceeded  twenty  in  number,  whereaa  ,M.  Barraadr 
hi*  investigation  procured  1 100  sjtecies  from  the  aunei 
the  nm»t  numerous  asscmbUge  of  palKotoic  remainc  ia  tkr  < 
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and  even  more  valuable  from  the  perfect  state  of  their  preservation 
than  from  their  niimbers. 

The  1 1 00  species  may  be  divided  into  the  different  classes  nearly  oa 
1  follows  : — 


Crustaceans,  chiefly  Trilobites 

250  species. 

Cfplialupods 

•-'50 

Gasteropoda  and  Ptero})ods 

160 

Ace]>hala 

130 

Urachiopods 

200 

Corals,  &c.  &c. 

110 

I 
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To  a  naturalist,  it  is  not  the  least  interesting  circumstance  attending 
these  discoveries,  to  learn  that  all  these  fossils  were  obtained  from  a 
superficial  area,  not  more  extensive  than  one-sixtieth  part  of  the 
Adriatic  ;  and  they  certahily  show  that  the  Silurian  Fauna  was  not 
only  as  rich,  but  as  much  influenced  by  geographical  conditions,  or 
as  far  from  being  unifonn  throughout  the  globe,  as  that  of  any  sub- 
sequent era.  The  jireservatiou  of  the  most  delicate  parts  of  many 
species  extending  even  to  their  embryonic  states,  enabled  the  author 
to  establish  the  fact  of  the  metamorphosis  of  Trilobites  in  nineteen 
Bohemian  species  belonging  to  ten  different  genera.  It  has  been 
shown  that  one  species,  called  Sao  hirntta,  presents  itself  under 
twenty  different  forms,  out  of  which  preceding  naturalists  had  made 
eighteen  species  and  ten  genera,  all  now  reduced  to  one  species.  It 
is  at  lengtli  therefore  distinctly  ascertained,  and  for  the  first  time,  that 
le  deveIo|imeut  of  the  crustaceans  followed  the  same  laws  in  the 
palaeozoic  period  as  in  our  own  times. 

To  the  geologist  it  is  satisfactory  to  know,  that  the  successive 
groups  of  Bohemian  fossils  arranged  stratigraphically,  intUcate  a  series 
of  changes  in  organic  life  corresponding  in  chronological  order  to  those 
of  equivalent  groups  previously  estal)lished  for  the  classification  of 
the  palaeozoic  strata  of  Europe  and  North  America.  It  appears  also 
that  the  vertical  range  of  certaui  species  from  the  Lower  to  the  Upper 
Silurian  division  is  very  great,  apjiarently  in  cases  where  there  has 
been  a  recurrence  of  similar  geographical  circumstances  in  the  depth 
and  iniueral  deposits  of  the  ancient  sea. 
^     I  need  scarcely  add,  that  no  private  individual  of  moderate  fortun* 
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could  accomplish  such  a  task  without  great  peciuaaiy  oatlaj, 
that  the  expense  of  publishing  the  results  of  hia  Imbonn  will  ■ 
still  greater  sacrifices.    We  hope,  therefore,  that  this  doBattOB, 
you  yn\l  present  to  M.  Barrande  in  our  name,  small  as  it  k,  a 
an  encoumgcmeut  to  liim  as  an  expression  of  our  rfmpathj,  a 
make  kuown  to  the  pubUc  the  high  value  we  set  on  hia 
publication. 


Mr.  Bcnbury  said  in  reply, — 

Sir, — As  I  am  not  personally  acquainted  with  M.  Barraiidb, — m, 
in  fact,  all  my  knowledge  of  him  is  derived  from  the  interestiag  ac- 
count of  his  researches  which  you  have  just  giren  na, — 1  ahall  h^  aa 
more  than  that  I  will  take  care,  as  far  aa  liea  in  my  power,  thai  )m 
shall  receive  the  sum  voted  to  him  ;  and  I  have  no  doobt  be  will  ka 
gratified  by  this  mark  of  the  sense  which  the  Gco(o|peal  Saciitj  t»- 
tertains  of  the  value  of  his  labours.  It  is  clear,  from  ih*  fiwh  wn 
have  stated,  that  the  resources  which  the  WoUaatoo  Fond  pboB  « 
our  disposal,  cannot  be  better  appUed  than  in  aiding  tk«  |uihfinl'aa 
of  M.  Barrande's  work  ;  and  wc  cannot  but  rejoicv  that  w*  ha>«  it 
in  our  power  to  aiford  assistance  and  encouragement  to  a  gandHH^ 
who  has  exerted  himself  so  zealously  m  the  cauae  of  PalsooflahfT. 
and  has  rendered  to  it  such  important  services. 
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AAer  the  otlter  proceedings  had  been  completed,  and  tha  < 
and  Council  had  been  elected,  the  Prcaidrnt  proeaadad  lo 

the  Meeting. 
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SIR  CHARLES  LYELL. 


Gentlemen, — ^The  list  of  oiu  Foreign  Members  has  for  many  years 
been  limited  by  die  Council  to  the  number  of  fifty,  and  death  has 

^ deprived  us  suice  our  last  Aimivcrsary  of  three  of  the  most  distin- 
guished names  which  adorned  this  list,  those  of  MM.  Beudaut,  De 
BlainTille,  and  Dubois  de  Montpereux. 
M.  B  EC  DA  NT,  R  Member  of  the  French  Institute  and  Professor  of 
Mineralogy  in  the  College  of  France,  is  best  known  to  us  by  hia  work 
on  the  Volcanic  Mountains  of  Hungary,  entitled  '  Voyage  Miue'ralo- 
gique  etG(?ologiquc  dans  lalloiigrie,  pendant  1818,'  published  in  1822. 

■  It  contains  an  excellent  classification  of  the  different  varieties  of  tra- 
chyte, perlite,  pitchstone,  obsidian,  and  pumice,  together  with  the 
opals  and  other  sihceous  minerals.  His  theory,  that  the  lamination 
of  trachyte  and  obsidian  may  have  been  due  to  the  motion  of  the 
mass  when  in  a  fluid  or  serai-fluid  state,  has  since  been  very  generally 
adopted. 

Among  his  early  papers,  we  find  a  Memoir  read  to  the  Academy  of 
Sciences  in  IHIC,  on  the  possibility  of  causuig  fluviatile  mollusks  to 
live  in  salt  water,  and  marine  mollusks  to  exist  in  fresh  water.  The 
mixture  of  marine  and  fresliwater  shells  obser\'ed  in  a  tertiary  sand- 
stone, called  the  grcs  de  Beaiichamp,  near  Paris,  excited  his  curiosity 
on  this  subject,  and  he  enjoyed  faciUties  of  making  illustrative  experi- 
ments and  observations  when  appointed  Professor  in  the  College  at 
Marseilles,  near  which  the  brackish  water  at  the  mouths  of  rivers 
entering  the  Mediterranean  is  inhabited  both  by  fluviatile  and  marine 
species. 

In   1817  M.  Beudant  published  a  paper  on  the   Phenomena  of 
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Cn-sUllizatinn,  treatiug  especinlly  of  the  variety  of  fonu  mmomiI  hj 
the  8atnc  mineral  substance.  lie  was  also  thr  author,  in  IR37.  af 
two  treatises  on  Mineralogy  aud  Geology  which  arc  much  rateencd  ; 
tliat  ou  Geology  having  passed  through  five  tditiaas,  Bnd  bcnig 
adopted  by  the  University  of  France  aa  a  text-book. 

M.  Marie-Hknri  Ducrutay  dk  Blainviluc.  Mrmber  ot  lite 

Academy  of  Sciences  in  Prance,  succeeded  Lamarck  aa  Pinfliw  ti 
Natural  Histort'  in  Paris,  and  was  alVrwards  chosen  to  r«plaoe  Canicr 
in  the  chair  of  Comparative  Anatomy.  His  exertioiii  ia  tbcae  <l^ 
partments  of  science  were  pursued  uuiutomtptedly  ihrougfaottt  bal/  ■ 
ct'uturv',  and  the  i^talugue  of  his  memoira  aod  works  given  by  Ays- 
six  in  his  '  Biblidgmphia '  ainoiuiUi  to  oo  leaa  a  liat  than  150, — ■  fin 
which  might  have  been  enlarged,  as  I  learn  from  M.  Cooftut  fm- 
vost,  to  1  HO,  none  of  them  without  merit,  aud  nume,  like  his  *  HammH 
i]e  Mnlncologie  el  Conchulugic,'  aud  his  '  Dsteography  of  the  Yut» 
brate  ('lasses,'  being  elaburate  treatises  which  might  wrU  hav*  rHt 
n  zoologist  the  lalmur  of  a  life.  H 
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The  •Osteography.'  published  in  lS39-^0,  comprised  the 
ucll  as  lining  types  of  vertebrate  aniuial:^,  and  is  the 
uf  those  colli rihutiuus  to  PaliL-ontology  which  gave  him  a  tklv  to 
enrolled  as  one  of  our  Foreign  Members.  M.  de  BlainTilW 
himself  n  good  artist,  and  the  Hgures  of  the  ukulU  awl  akrlKaaa  if 
nearly  all  the  orders  of  mammalia  which  iltustratr  thu  trcMia*,  at 
regarded  by  many  riniiirnt  soologists  as  the  moat  Mcnratg  hid—to 
published. 

In  a  controversy  into  which  M.  de  Bhunvillc  cntntd 
pbice  in  the  animal  kingdom  In  be  assigned  to  th« 
of  the  Stuuettfuid  oolite,  he  upfiosed  tbr  preriouijr 
of  Cuvier  that  they  were  true  insectivorous 
cliiied  U>  Indieve  in  their  rcplilian  character, — an  opiliiMi  bam  vtaek 
I  he  most  akilful  comparative  anatomists  of  Europe  diitont  i  bo* 
tlirv  de<-line  to  l>ow  tu  hi»  authority  on  this  point,  they  d» 
tlie  general  soundness  of  his  views,  still  leas  the  estnaedaHiy 
aod  profoundnrs*  of  his  Luowtedpr  of  the  animal  kiogiioa. 

"  It  was  the  great  obj<'Cl   of  hia  life,"  say*  M.  Ptwoat,  *'ll 
blish  iu  all  his  works,  especially  in  his  '  Oxtcologr,'  the  doctrine 
the  whole  scries  of  organic  beings  was  intimately  rcletod.  the 
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oue  great  chaio,  aaceniling  from  tbe  most  siniplc  of  orgouUms  to 
that  wliich  occupies  the  highest  place  ;  in  other  words,  /i-om  the 
Sponge  to  Man.  But  while  he  eudeavoured  to  refer  all  groups  and 
every  variety  of  animal  form  to  one  and  the  same  plan,  he  never 
embraced  the  plausible  hypothesis  that  each  higher  grade  had 
been  improved  in  the  course  of  ages  out  of  a  lower  oue  by  transmu- 
tation ; — on  the  contrary,  he  saw  in  the  whole  animal  creation,  one 
^fe  single  operation,  one  great  hiirmonious  and  divine  idea,  the  various 
"     changes  being  neither  due  to  chance  nor  to  the  influence  of  external 

^ circumstances,  but  being  all  the  result  of  one  and  the  same  original 
conception*." 
i 


* 


M.  1'kederic  Dubois  oe  Montpereux  was  born  in  179M  at 
Motiers,  in  the  Canton  of  Neufchatel.  After  being  teacher  in  a 
school  at  St.  Gall,  he  became,  at  the  age  of  twenty-one,  tutor  in  the 
family  of  a  Lithuanian  landed  proprietor,  where  he  remained  tea 
years.  During  this  time  he  had  access  to  an  extensive  library,  and 
acquired  a  taste  fur  scientific  reading.  This  led  him  to  turn  his 
thoughts  to  the  geology  of  Lithuania,  on  which  subject  he  published 
some  original  observotions  in  Karsten's  Archives  for  1830.  He  next 
became  tutor  to  a  young  Polish  nobleman  with  whom  he  passed  two 
years  iu  Berlin,  making  the  acquaintance  there  of  several  of  the  most 
distinguished  Professors  in  the  University  ;  and  being  encouraged  by 
theui,  and  especially  by  Baron  von  Buch,  to  continue  his  favourite  line 
of  research,  he  accordhigi)'  examined  the  tertiary  strata  of  Volhynia 
and  Podolia,  and  published  a  description  of  those  regions  in  1U31,  in 
a  handsome  quarto  volume  illustrated  by  figures  of  the  fossil  shells 
and  a  geological  map. 

About  the  same  period  he  made  a  tour  with  his  pupil  through  the 
valley  of  the  Rhine,  and  afterwards  to  Denmark  and  Sweden.  In  183 1 
he  employed  seven  or  eight  months  in  exploring  the  banks  of  the  Dnie- 
per, not  confining  his  attention  to  the  geology  of  the  Ukraine,  but 
also  collecting  i)lants  and  discovering  many  new  species,  and  extend- 
ing bis  inquiries  to  matters  of  antiquarian  and  ethnological  interest. 
His  memoirs  on  these  various  subjects  were  printed  in  1833  in  Kar- 
steu's  Archives  and  in  Bronn's  Jahrbuch. 


*  Uiicoun  Kiincbrc  de  M.  C.  Prevott,  Mai  1850,  Ann.  des  Sci. 


xxviii 


PROCKEDINGS  OF  THE  GKULOCICAL  «OCIKTY. 


Id  the  spring  of  1832,  having  realized  a  raiall 
set  out  nlone  on  an  expedition  to  explore  the  Crimea,  the  i 
and  the  aJjuiniug  couii tries  of  Circassia,  Geo^ia,  aad  Aranii.  J 
eluding  Mouut  Ararat.  In  this  arduous  undertaking  he 
for  several  years,  patiently  undergoing  great  bodily  Citigae  aad  |itn»- 
tions  while  wandering  through  the  territoriee  of  hariMroos  omI  oboo- 
lized  tribes,  frequently  unaccompanied  even  by  a  guide,  and.  altlM*^ 
the  Russian  authorities  gave  him  every  aSMstanre  in  their 
goon  as  they  were  niade  acquainted  with  the  objecta  of  hit 
often  exposed  to  the  most  iinminent  personal  danger.  T^M  I 
nearly  four  yean  of  obsen'ation  were  given  to  the  adrattfie  < 
1839  and  IB-l'i,  in  a  splendid  work  in  six  volumes  octavo,  i 
with  plates  and  maps,  entitled,  '  Voyage  autour  du  t'l 
chide,  Armdnic,  Georgic,  et  en  Crim^!.' 

In  these  travels,  M.  Dubois  tirst  rccognix«d  the  eiiatatetoti 
of  the  age  of  the  gault,  upper  grrcnsand,  and  lowier  | 
Crimea,  as  well  as  portions  of  the  upper  and  middle  oohtea  of  the  S^  I 
diterranean  type,     lie  also  traced  the  same  formal iom  tagrthcr  wilb 
the  wliite  chalk  along  the  uorthern  base  of  the  Cancastttt  •■  frr  «■  ihi ' 
river  Kuban.     In  the  same  work  he  descrihr<l  the 'volcaaie  rocfatf 
middle  .\rmciua  and  Mount  Ararat,  recently  the  theatre  of  the  I 
of  M.  Abich,  whom  we  have  had  the  pleasure  of  seetnc  wt.  aei 
our  meetings  during  the  past  session.       M.  Abich,  aft«r  in 
seven  years  in  Uie  same  countries,  docs  ample  justice  to  the  m 
descriptions  and  enlightened  views  of  the  tiid(Ati|;^d>)e  pioa 
whose  footsteps  he  has  so  successfully  trodden  md  whose  ( 
he  has  bo  greatly  enlarged. 

In  1836  M.  Dubois  returned  home  to  Switterkod,  where  hei 
appointed,  in   18-13,  Professor  of  Arrhieoiogy  in  the  UiuTcratT  ^i 
Neufchatel.     He  died  on  the  7th  of  May,  18^0,  at  the  age  of  I 
two,  an  intermittent  fever  which  he  had  caught  in  hit  trarda  1 
attacked  him  every  spring  with  increaaii^  inteaaky, 
mining  his  constitution,  although  his  acttrity  of  i 
I  continued  undiminished  to  the  hut. 


Among  the  ordinary  Members  whoae  kaa  we  have  to  (le|da 
our  last  Annivonuy,  1  have  to  mention  the  naoMs  of  Sir 
Peel,  Lord  Northampton,  and  Dr.  Pye  Smiili. 
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^  Sir  Robert  Peel  will  always  deserve  to  be  gratefully  remem- 
bered by  Euglishmeu  devoted  to  philosophiciil  pursuits,  as  the  first 
Prime  Minister  of  this  country,  who,  amidst  the  distractions  of  an 
active  political  career,  made  it  a  leading  object  of  bis  thoughts  to  con- 
sider how  the  patronage  of  Govcrnmcut  might  be  made  available  to 
the  advancement  of  science  and  natural  history.  He  was  fidly  aware, 
as  he  stated  to  us,  in  an  eloquent  speech  addressed  to  the  Members  of 
this  Society  at  our  Anniversary  Meeting  in  1849,  that  a  Statesman 
who  has  such  an  end  in  new  must  be  on  his  guard  not  to  impair  the 
personal  independence  of  scientific  men,  while  he  endeavours  to  for- 
ward or  reward  their  labours.  He  had  no  doubt  reflected  that  the 
free  expression  of  opinion  had  sometimes  been  fettered  both  in  litera- 
ture and  science  by  the  authority  undiily  usurped  by  offici>d  rank ; 
Pand  that  the  coq)oration  spirit  of  endowed  academies  has  sometimes 
been  a  source  of  division  and  jealousy  among  scientific  men. 

The  education  of  Sir  Robert  Peel  had  not  given  liirn  an  early  bias 
towards  scientific  studies,  but,  in  proportion  as  his  mind  ripened  and 
lie  had  leisure  fur  reading,  he  appreciated  more  and  more  their  import- 
ance ;  and  several  of  our  Members  who  were  among  his  personal 
friends  well  know  that  Geology  engaged  a  full  share  of  his  attention. 
Yet  few  of  us  were  prepared  to  find  him  capable  of  writing  such  a 
letter  as  that  which  has  been  published  since  his  death,  addressed  to 
his  relative  the  Dean  of  York,  who  had  requested  him  to  criticise  his 
^fe  "  System  of  Geology."    In  this  remarkable  letter  we  find  Sir  Robert 
zealously  contending  against  the  dogma  that  a  single  great  convulsion 
might  account  for  all  the  changes  of  the  earth's  crust.     He  begins 
^^  by  expressing  his  conviction  of  the  truth  "  of  the  conclusions  to  which 
~    the  most  eminent  men  of  all  countries  had  gradually  arrived  after  un- 
remitting inquiry  and  ]>rofound  reflection ; "  and  then  proceeds  to 
argue  that  geological  revolutions  "  had  been  the  slow  product,  some 
of  chemical,  others  of  mechanical  agencies."     He  instances  a  coal- 
field with  its  numerous  strata  of  coal,  all  of  vegetable  origin  and 
separated  by  beds  of  a  diftcrent  character,  each  distinguished  from 
the  other  by  some  peculiarity  of  structure  or  organic  remains,  and 
he  refers  to  the  submergence  of  land  and  the  formation  upon  it  of 
new  strata*.     It  is  no  small  testimony  to  the  vigour  and  clearness 


•  Colbum't  New  Monthly  Mig.,  Jinoary  1851,  p.  10. 
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uf  liis  uiideriitaii(liiig,  tliHt  in  susUining b  controrrnual  aipimffal,  ■■  ■ 

question  so  remote  fruni  Ims  ordinary  studiM,  lir  bctmyi  in  no  *i^ 

sentence  lliose  imperfect  or  unitound  virw«  «o  co»nmoiilv 

the  writings  of  men  who  derive  their   knowledge  rvclimTrlj 

books  or  convrrMition.     It  i»  scarcely  nccrsMry  for  tar-  In 

of  the  inlere«.t  wliieh  Sir  R.  Peel  took  in  the  fsrologinil 

of  tlie  Ordnauee  Survey  ot  Great  Britain,  and  the  Mofconi  of  Ptar> 

tico]    Geology  ;   the   sueeeitsful  progretin   uf  which   be  wmtcbt^  Wlk 

friendly  care  to  the  last.     These,  ad  well  as  his  exertiuDS  to 

the  Royal  Observatory  at  Greenwich  and  the  Britiah  Miutui, 

that  he  wa.s  liy  nu  means  of  o|Mni(m  that  the  cauae  of 

be  abandoned  solely  U>  voluntary  associations  of  private  bMli'viiiHilk, 

or  might  not  with  propriety  derive  support  from  oatiooal  graats  «f 

money. 

I  cannot  conclude  these  remarks  without  avaUing  mjuU  tit  Ikt 
opportunity  of  publicly  acknowledging  the  annual  grwit  of  £\tt$ 
recently  made  by  the  First  Lord  of  the  Treasury,  I/ird  John 
to  the  Royal  Society,  as  a  boon  by  which  Gcolofi^v,  as  well 
branches  of  science,  cannot  fail  to  be  ailvanceii,  ami  in  m  ma: 
tirely  free  from  the  ribjpctions  sometimes  urgc<i  againM 
patronage.  The  expenditure  of  the  money  is  entrusted  to 
chosen  by  the  Royal  Society,  and  therefore  phwvd  whuOy  brjoad  tl> 
control  of  the  minister  or  of  any  |M>litienl  influence.  It  i*  iBtaadid  W 
aid  scientific  investigations,  whether  by  tin-  purcluue  of  imtrnHMl 
or  by  defraying  the  cost  of  esperimeuts,  or  other  rxpenars  iaeaffi^ 
We,  who  have  witnessed  the  fruits  of  a  much  (mailer  fnnil,  ulacniia 
a  similar  manner  at  the  dit>p(i.sal  of  the  British  Aworimtion.  afv 
tied  ill  entertAining  very  sanguine  expectations  of  the  gooil  wlwdll 
accrue  from  such  a  grant  and  the  stimulus  which  it  nuij 
original  research. 


The  recent  death  of  the  Marquu  or  NoKmaMrroi*  hM 

privcd  th(r  Society  of  one  of  its  oldest  memheni.  one  who  waa  hU 
respected  for  his  talents  and  varied  acquimnenta.  anj  wboK  ( 
temper  and  kind  manner  rendered  him  univenally  pop«]ar.    Wm  < 
elected  President  of  this  So<-iety  in  1819,  when   (larl  Canplui^  i 
during  the  Ar^t  uf  the  two  years  in  which  he  tilled  thb  cfaatr,  lie  nti\ 
a  paper  un  tlie  Geolog>-  o(  the  South  coast  of  Mull  in  Ihc  II 
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In  this  uiemoir  he  gave  a  shurt  aucouut  of  the  basaltic  rocks  of  the 
istand,  and  pointed  out  several  plAces  wliere  the  associated  secondary 
forutatious  contain  ammonites  and  other  fossils*. 

In  June  1838,  Lord  Northampton  read  to  the  Society  a  second 
paper,  on  those  Foraminifera  of  the  Chalk  which  are  called  Spiro- 
liuitesf-  Tliese  original  comniuuications,  and  the  tine  collection  of 
fossil  remains  and  simple  minerals  which  he  accumulated  at  Castle 
Ashby,  attest  his  love  for  Geology  and  Natural  Ilistorj',  to  the  pro- 
motion of  which  he  successfully  devoted  so  large  a  portion  of  his  life. 
During  the  ten  years  that  he  presided  over  the  Royal  Society,  he 
continued  frenuently  to  attend  our  meetings  an4  to  cultivate  the  ac- 
quaintance and  friendship  of  the  most  active  of  our  members, 


N 


Dr.  Pye  Smith,  who  was  for  sb  many  years  a  constant  attenduut 
at  our  meetings,  was  President  of  the  Protestant  Dissenting  College 
at  Homerton,  where  he  was  also  teacher  of  Divuiity.  In  this  influ- 
ential position  he  had  an  opportunity  of  imparting  to  a  wide  circle  of 
pupils  and  admirers  the  interest  which  he  felt  m  the  new  views 
brought  to  liglit  from  time  to  time  by  Geology.  His  work  on  "  The 
Connection  of  Scripture  and  Geology,"  comprised  a  series  of  lectures 
delivered  at  Homerton  College,  in  which  he  endeavoured  to  compen- 
sate for  wont  of  practical  knowledge  of  the  science  by  ample  cita- 
tions from  the  works  of  the  best  contemporary  writers.  He  gave  a 
description,  in  their  own  words,  of  many  newly  discovered  facts,  and 
a  statement  of  the  theories  legitimately  deduced  from  them,  esjiecinlly 
those  most  opposed  to  popular  notions  derived  from  a  literal  inter- 
pretation of  the  Hebrew  cosmogony.  He  dwelt  especially  on  the 
earth's  high  antiquity,  the  many  changes  which  took  place  in  the 
animate  world  antecedent  to  the  creation  of  man,  and  the  divergence 
both  of  animals  and  plants  from  many  original  centres  instead  of  their 
multiplication  from  a  single  point.  He  also  considered  how  far 
geological  facts  are  reconcileable  with  the  commonly  received  notions 
respecting  a  universal  deluge,  assumed  to  have  happened  only  '1000 
years  before  our  time.  He  reminds  his  readers  of  the  many  texts  of 
Scripture  formerly  adduced  as  hostile  to  established  astronomical  doc- 
trines respecting  the  structure  of  the  universe.     With  much  good 

•  Gi>ot  Trtni.  lit  Ser.  vol.  t.  p.  369. 

t  See  Proceedingi  of  Geol.  Soc.  voL  it.  p.  665. 
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feeling,  he  declares  it  to  be  the  duty  of  theologluu  to 
with  scientific  men  in  the  doubts  they  entertain  reapectiof; 
dogmas  closely  interwoven  with  the  popular  faith,  ami  Ite 
the  inseparable  relation  of  scientific  and  reUgiouii  tmth.  All 
to  tamper  with  the  evidence  of  physical  facts,  or  to  erade  or  • 
aside,  are  denounced  ;  and  he  exposes  the  repeated  fiulnnt  of 
schemes  for  tortunng  the  Hebrew  text  so  as  to  make  it  apeak  liar 
language  of  modem  philosophy.  Tie  also  alludes  to  the  final  dbH» 
donment,  by  every  competent  authority,  of  those  theories  whidi 
at  establishing  a  coincidence  between  geological  rjuxias  mxtd  tlm 
days  of  creation.  I  am  bound  to  ronfcss  that  some  of  Dr. 
Smith's  own  efforts  to  remove  difficulties,  by  raodifjing  Uae 
interpretations  of  the  Hebrew  text,  arc  to  my  mind 
as  those  of  the  greater  number  of  his  predcceason ;  but  I  ftd 
vinced  that  if  that  voluminous  cla8«  of  books  coauBonly  caDnl 
tural  Geologies,  several  of  which  have  issued  from  the 
■ince  our  last  auniTersanr,  had  been  written  with  the  Mme 
and  fairne>>s  of  spirit  as  that  of  Dr.  Pye  Smith,  the  pablk 
would  have  become  ere  this  too  enlightened  to  wastr  aaj 
energies  on  controversies  of  this  nature. 

The  amiable  disjiosition  and  unafTW-ted  pirty  of  Dr.  I^c 
secured  to  }iim  the  love  and  admiration  of  all  who  knew  him ; 
redounds  to  the  honour  of  the  congregational  sect  in  which  fior 
half  a  century  he  held  a  prominent  station,  that  the  work  I  !■** 
cited  was  grnerally  well  received,  and  when  he  retitrd  fnm  Im  a^ 
(lemieal  ofiitn-,  the  sum  of  4^3000  was  subscribed  to  |iimide  tar  Vm 
an  annuity  during  his  life,  and  to  endow  after  his  drmth  DiviHt; 
scholarships  bearing  his  name  in  the  new  College 
St.  John's  Wood. 


.  1    iliiil^ 


Gentuimen, — In  my  Anniversary  Address  of  last  year,  I 
into  an  examination  of  the  question,  bow  far  the  kadtng  < 
of  modem  date  tend  to  confirm  or  invalidate  a  doctiiae  which  I  ^i 
advoeatc<l  twrjity  years  before,  in  the  first  editton  ot  my 
of  Geology,' — that  the  ancient  changes  of  the  aiiituate  aad  n 
world,  of  which  wr  find  memorials  in  the  earth's  cmsl, 
siuiiUr  both  in  kind  and  degree  to  those  which  are  now  ia 
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But  in  order  to  keep  myself  within  due  bounds,  I  confined  my  re- 
marks on  that  occasion  to  the  revolutions  of  the  inorganic  world, 
reserving  for  the  present  opjiortunitv  a  comparison  of  the  organic 
creation  in  ancient  and  modem  times,  and  a  consideration  of  the 
light  thrown  hy  Palreontology  on  the  laws  which  govern  the  fluc- 
tuations of  the  living  inhabitants  of  the  globe. 

It  is  not  my  intention  to  discuss  now  (he  popular  theory,  or  rather 
hypothesis,  which  refers  all  the  varieties  of  animal  and  vegetable 
forms  and  attributes,  which  we  call  species,  to  transmutation,  or  to 
changes  taking  place  slowly  in  the  course  of  ages,  analogous  to  those 
which  are  brought  about  in  a  shorter  time  by  fcetal  development,  or 
the  growth  and  improvement  of  the  embryo  into  the  adult  individual. 
These  views  1  have  imifonnly  opposed,  for  twenty  years,  and  the 
favour  which  they  have  acquired  of  late,  ""th  the  general  public,  in 
consequetice  of  the  eloquent  pleading  of  the  anonymous  author  of  the 
'  Vestiges  of  Creation,'  has  been  more  than  counterbalanced  by  the 
refutation  which  it  has  called  forth  in  the  works  of  Owen,  Sedgwick, 
and  Hugh  Miller.  But  there  is  another  doctrine  adopted  with  more 
or  less  confidence  by  the  eminent  authorities  above  cited,  nud  others 
of  equal  note,  according  to  which  a  gradual  development  in  the  scale 
of  being,  both  animal  and  vegetable,  from  the  earUest  periods  to  our 
own  time,  can  be  deduced  from  paheontological  evidence.  This  theory 
is  clearly  stated  in  several  ])arts  of  a  luminous  disquisition  fomimg 
the  Preface  to  a  recently  published  5th  edition  of  Professor  Sedg- 
wick's Discourse  on  the  Studies  of  Cambridge.  "There  are  traces," 
he  says,  "  among  the  old  de[iosit8  of  the  earth  of  an  organic  progres- 
sion among  the  successive  forms  of  life.  They  are  to  be  seen  in  the  ab- 
sence of  mammalia  in  the  older,  and  their  very  rare  appearance  in  the 
newer  secondary  groups;  in  the  diffusion  of  warm-blooded  quadrupeds 
(frequently  of  unknown  genera)  in  the  older  tertiary  system,  and  in 
eir  great  abundance  (and  frequently  of  known  genera)  in  the  upper 
portions  of  the  same  series  ;  aiul  laslty,  in  the  recent  appearance  of 
man  on  the  surface  of  the  earth."  (p.  xliv.)  "  This  historical  deve- 
lopment," conthiues  the  same  author,  "of  the  forms  and  functions 
of  organic  life  during  successive  epochs  seems  to  mark  a  gradual 
evolution  of  creative  power,  manifested  by  a  gradual  ascent  towards 
a  higher  type  of  being." — Ibid.  p.  cliv.  "  But  the  elevation  of  the 
fauna  of  successive  periods  was  not  made  by  transmutation,  but  by 
vol.,  VII.  d 
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creative  additions ;  and  it  is  by  watching  llieae  additiuns  that ' 
some  insight  into  Nature's  tnie  liistorical  progrea*,  «nd  lean 
there  was  a  time  when  Cephalopoda  were  the  highest  types  of  oiail 
life,  the  primates  of  this  world ;  that  Fiahe*  next  took  ttw  had.  ite 
Reptiles ;  and  that  during  the  secondary  period  thej  wet*  anBlaM- 
rally  raised  far  above  any  fonus  of  the  reptile  claaa  now  Uriaf  m  tkt 
world.  Mammals  were  added  nest,  untd  Nature  becaine  wkal  Ar 
now  is,  by  the  addition  of  Man." — Ibid.  p.  ccxri. 

From  a  recent  work  on  Comparntire  Anatomy,  by  Pi  ofi  — w  Owfc 
distinguished  by  grand  ajid  comprehensirr  rirv»  in  rvgHil  tm  lib 
relations  of  different  parts  of  the  Tertebmte  crratioa  to  ewk 
I  cite  the  following  passage : — 

"  To  what  natural  or  secondary  caosea  the  orderty  i 
progression  of  sueb  organic  phaeuomeua  may  have  been  < 
we  are  as  yet  ignorant.  But  I)',  without  derogation  to  tlic  Orrat 
Power,  we  may  couct-ive  the  existence  of  auch  niinistcn  and  p«na^ 
them  by  the  term  '  Nature,'  we  learn  from  the  paat  hntoty  el  «v 
globe,  that  she  had  advanced  with  slow  and  »t«tely  ctrpa.  gmdnt  k; 
the  archetypal  hght  amidst  the  wreck  of  world*,  frmn  tlw  !■«  «»■ 
boiliinont  of  the  vertebrate  idea,  under  its  old  ichthyie  ^titmMk 
until  it  became  arranged,  in  the  glorious  garb  of  (he  httman  innB*.* 

I  shall  moke  one  more  extract,  from  the  |>agc«  of  Mr.  Ih^ 
Miller's  *  Footprints  of  the  Creator,'  as  it  will  place  in  a  dear  fmt 
at  view  the  idea  entertained  by  many  geologists  that  tlia  aMKaB* 
development  of  the  living  inhabitant!!  of  the  globe  krpt  pace  aiikt 
corresponding  impro\  ement  in  its  habitable  condltiao. 

"  It  is  of  itself,"  he  says,  "  an  extraordiuury  fact,  wklMia*  itfuum 
to  other  consideTatioiis,  tliat  the  order  adopted  hy  Conir  in  ka 
'  Animal  Kingdom,*  a*  that  in  which  the  four  great  rkMBaa  tt  «■•• 
bnite  animals,  when  marahalled  according  to  their  rank  and  ■taaCiy 
naturally  range,  should  be  also  that  in  wliich  they  oceor  ia  anAr^ 
time.  The  brain  which  bean  an  aTeragr  propottioa  le  llw  ifarf 
cord  of  not  more  than  two  to  one,  came  fint, — it  ia  tba  laaia  af  A> 
fish  :  that  which  bears  to  the  spinal  cord  an  avrragr  fainniiliaa  d 
two-and-a-half  to  one.  succeeded  it, — it  is  the  brain  of  the  uyl>. 
then  came  the  brain  averaging  as  three  lo  one, — it  ia  tkat  «f  i 


•  Owtn  on  Iht  Nsiwt  «f  Ltebi.  |i.  VA. 
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bird.  Next  in  succession  came  the  brain  that  averages  B5  four  to 
one, — it  is  that  of  the  mammal ;  and  last  of  all  there  appeared  a 
braiu  that  averages  as  twenty-three  to  cue, — reasoniug,  calculating 
man  bad  come  upon  the  scene." 

lie  then  adds,  "  The  record  speaks  also  of  development  and  pro- 
gression in  the  province  of  insensate  matter,  a  gradual  improvement 
ha%'iug  taken  place  in  the  style  and  character  of  the  dwelling-place 
of  organized  beings  in  the  conditions  of  existence  afforded  by  our 
common  mansion-house,  the  earth.  A  partially  consolidated  phmet, 
shaken  by  earthquakes  more  fretjuent  mjd  terrible  than  those  of  the 
historic  ages,  could  be  no  proper  home  for  a  creature  constituted 
like  man,  but  may  have  suited  the  narrower  capacities  and  more 
limited  instinct  of  the  fish  and  reptile.  Wlien  the  state  of  things 
became  more  fixed  and  stable,  the  higher  mammals  were  introduced; 
and  fiimlly,  after  the  great  convulsions  and  catastrophes  had  ceased, 
or  become  extremely  rare  and  partial,  the  rcasonuig  bruin  was  pro- 
duced, that  human  mind  which  derives  all  its  power  from  faith  ill 
the  constancy  of  Nature's  laws,  which  regulates  al!  its  actions  on 
fixed  phajuomena  ; — a  being  which,  if  placed  in  circumstances  where 
there  was  no  certainty  or  stability  Ui  the  order  of  the  lutural  world, 
would  become  timid,  superstitious,  and  more  helpless  and  abject  than 
even  the  inferior  animals*." 

If  we  then  tuni  to  the  opinions  entertained  respecting  the  progress 
of  the  vegetable  world  from  the  earliest  periods  to  the  present,  we 
find  them  ably  set  forth  in  an  essay  published  last  year  by  M.  Adolphe 
Brongniart,  on  the  botanical  clossitication  and  geological  distribution 
of  the  genera  of  fossil  plantsf.  His  generalizations  are  expressed 
with  due  ]>hilosophical  caution,  and  he  does  not  pretend  to  trace  an 
exact  historical  scries  from  the  sea-weed  to  the  Equisetum  and  Fern, 
or  from  these  again  to  the  Conifers  and  Cycads,  and  lastly  from  those 
famiUes  to  the  Palms  aud  Oaks  ;  but  he  nevertheless  points  out  that 
the  cryptogamic  forma,  especially  the  acrogens,  predominate  among  the 
fossils  of  the  primary  (palaeozoic)  fommtions,  the  carboniferous  espe- 
cially, while  the  gymuosperms  or  the  coniferous  and  cycadeous  plants 
abound  in  all  the  strata  from  the  Trias  to  the  Wealden  inclusive ;  and 

■  Footprints  of  the  Creator,  pp.  283,  286.     Edinb.  1849. 
t  Tableau  des  genres  de  V^gct.  Hosa.,  &c.   Diet.  Univ.  d'Hist.  Nat.  Paria,  1849. 
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lastly,  tbe  more  liighiT  developed  angiottperms,  both  inonoro^rlcdaooM 
and  dicotvledonoiis,  do  not  become  abundant  until  the  twtiujf  prripd 
It  is  a  remarkable  fact,  as  he  justl}-  observer,  that  the  esofjlUf,  vUdi 
comprise  four-fifths  of  Uvbg  plants, — a  division  to  whirh  all  oar  ■»■ 
live  European  trees,  except  the  Conifene,  belong,  and  which  i 
all  the  Compositse,  Legiuuiiiosie,  Urabeliifenc,  Cruciferv,  IlciUlii,  i 
so  many  other  famiUes, — are  wholly  unrepresented  by  mnx 
hitherto  discovered  in  the  primary  and  secondary  formatioiM  fttNB  thr 
Silurian  to  the  oolitic  inclusive.  It  ia  not  till  wr  arriTe  at  the  nc- 
tftceous  period  that  they  begin  to  appear,  sparingly  at  &rM,  aod  ooly 
playing  a  conspicuous  part  together  with  the  palms  and  atha  ok 
dogcns  in  the  tertiary  epoch. 

To  these  writers,  for  whose  judgenieut  I  Itave  the  ^reateat  irapcct, 
I  might  add  the  testimony  of  other  high  autburitiea  in  supfaact  «f 
similar  >iew8,  but  I  shall  content  myself  hy  eoucltidiag  with  a  iiJu*- 
euce  to  Professor  Bronn  uf  Heidelberg,  with  whose  '  Imlrx  I^dbMito- 
logicus,'  lately  publislanl,  every  geologist  is,  I  tnut. 
From  the  ample  data  supplied  by  2 1,000  species  of  totnl 
anil  plants  enumerated  in  this  elaborate  catalogue,  the  author  I 
not  ouly  the  law  of  an  increasing  number  and  variety  of  npnrira  ia  tW 
more  modem,  as  compared  to  the  more  ancient  formatiaaa,  but  aka 
the  suceewiive  introduction  of  the  higher  and  morr  prffeithf  at^ 
gauized  classes.  I  must  not,  however,  lead  ytra  to  tapftoae  ite 
every  name  of  weight  is  ranged  on  one  side  of  this  caatravertsd 
.  question,  for  in  the  communications  made  during  the  last  yaartothr 
Academy  of  Sciences  in  Paris,  I  find  a  drclaratioo  br  M. 
Prevost,  that  he  is  not  satisfied  with  the  paUeontolopcal  < 
support  of  the  doctrine  of  successive  development,  and  a  on  hsa 
cided  and  more  circumstAnti&l  statement  by  M.  Alcidc  D'( 
his  reasons  for  dissenting  from  the  same  throiy*. 

Before  I  go  into  details,  whether  of  fact  or  arguutat,  oa 
question,  I  shall  proceed,  for  the  sake  of  enabling  jroa  the  ■ 
readily  to  follow  my  train  of  reasoning,  to  ouke  a  brfaf 
statement  of  the  principal  pobts  which  I  eipect  to  i 
sition  to  the  theory  of  successive  development. 

•  C.  Prev(Mt,Campt<!*  Rea<)u*,Se|H.  18M,  vol  xxxL  pwMI ;  •a^A.DtkMw. 
Ihid.  June  IS&O,  vol.  m.  p. M7. 
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First,  in  regard  to  fossil  plants,  it  is  natural  that  those  less  deve- 
loped tribes  which  inhabit  salt  water,  should  be  the  oldest  yet  known 
in  a  fossil  state,  because  the  lowest  strata  whifh  we  have  hitherto 
fouijd,  iiappeu  to  be  marine,  although  the  eontcmporaueoas  Silurian 
land  may  very  probably  have  been  inhabited  by  plants  more  highly 
organized. 

Secondly,  the  most  ancient  terrestrial  flora  with  which  we  can  be 
said  to  have  any  real  acquaintance  (the  carboniferous)  contains  Coni- 
fene,  which  are  by  no  means  of  the  lowest  grade  in  the  phocnogamoua 
class,  and,  accorduig  to  many  botanists  of  high  authority,  Palms,  which 
are  as  highly  organized  as  any  members  of  the  vegetable  creation. 

Thirdly,  in  the  secondary  formations,  from  the  triassic  to  the 
Purbeck  inclusive,  gjinnosperms  allied  to  Zamia  and  Cycas  predomi- 
nate ;  but  with  these  are  associateil  some  monocotyledons  or  endo- 
gens,  of  species  inferior  to  no  pha:nogamoua  plants  in  the  perfection 
or  complexity  of  their  organs. 

Fourthly,  in  the  strata  from  the  cretaceous  to  the  uppermost  ter- 
tiary inclusive,  all  the  principal  classes  of  Uving  plants  occur,  inclu- 
ding the  dicotyledonous  angiosperms  of  Brongniart.  Dimng  this  vast 
lapse  of  time  four  or  five  complete  changes  of  species  took  place,  yet 
no  step  whatever  was  made  in  advance  at  any  one  of  these  periods 
by  the  adthtion  of  more  highly  organized  plants. 

Fifthly,  in  regard  to  the  animal  kingdom,  the  lowest  Silurian 
strata  contain  highly  developed  representatives  of  the  three  great  di- 
visions of  radiata,  articulata,  and  mollusca,  showing  that  the  marine 
invertebrate  animals  were  as  perfect  then  as  in  the  existing  seas. 
They  also  comprise  some  indications  of  fish,  the  scarcity  of  which 
in  a  fossil  state,  as  well  as  the  absence  of  cetacea,  does  not  appear 
inexplicable  ui  the  present  imperfect  state  of  our  investigations,  when 
we  consider  the  corresponding  rarity  and  sometimes  the  absence  of 
the  like  remains  observed  in  dredging  the  beds  of  existing  seas. 

Sixthly,  the  upper  Silurian  group  contains  amongst  its  fossil  fish 
cestracioiit  sharks,  than  which  no  ichthyic  type  is  more  elevated. 

Seventhly,  in  the  carboniferous  fauna  there  have  been  recently 
discovered  several  skeletons  of  reptiles  of  by  no  means  a  low  or 
simple  organization,  and  in  the  Pennian  there  arc  sauriaris  of  as  high 
a  grade  as  any  now  existing,  while  the  absence  of  terrestrial  mam- 
malia in  the  paleeozoic  rocks  generally  may  admit  of  the  same  espla- 
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nation  as  our  ignorance  of  most  of  the  insects  an;l  *n  the  { 
niferous  moUusca,  as  well  as  of  Helices  and  other  land  sheOs  of  thf 
game  era. 

Eighthly,  the  fish  and  reptiles  of  the  secondary  rocks  arr  ■•  falty 
developed  in  their  organization  as  those  now  liring.  The  birds  or 
represented  by  numerous  foot-prints  and  coprolites  in  the  Tlim  tt 
New  England,  and  by  a  few  bones  not  yet  genericallr  deU 
from  Stonesfield  and  the  English  \VealdeD. 

Ninthly,  the  land  quadrupeds  of  tlie  secondary  period  are  ' 
to  two  genera,  occurring  in  tlie  inferior  oolite  of  8t 
the  cetacea  by  one  specimen  from  the  Kiinmeridge  clay,  tb»  trvt 
position  of  which  requires  Auther  inquiry,  while  an  iudtcatioa  af 
another  is  afFurde<l  by  a  cetacean  parasite  iu  the  dialk.  Btt  w<r 
have  yet  to  learn  whether  in  the  secondary  periods  there  waa  reaHy 
a  scarcity  of  mammalia,  (such  as  may  have  arisen  from  an  trxUwat- 
dinary  predoiniimuce  of  reptiles,  aquatic  and  termtrial, 
the  same  functions,)  or  whether  it  be  simply  appamit  and  i 
to  the  small  progress  made  as  yet  in  collecting  the  rewlna  oi  tkc 
inhabitants  of  the  laud  and  rivers,  suice  we  have  hitbrrto  diauoirnd 
but  few  freshwater,  and  no  laud  tnollusca  iu  rocks  of  th«  «ne  a|^ 

Teuthly,  in  regard  to  the  palaeontology  of  the  tertiary  | 
there  seems  every  reason  to  beUeve  that  the  orders  of  th*  i 
were  as  well  represented  as  now,  and  by  species  aa  hi^ty  < 
whether  we  turn  to  the  Lower,  or  to  ilie  Middle,  or  to  the  tJppir 
Eocene  periods,  or  to  the  Miocene  or  Pliocene;  so  that  daring  frc  ar 
more  changes,  in  this  the  highest  daw  of  Tertebrat^  not  • 
step  was  made  iu  advance,  trndtng  to  fill  ap  the  rJIMIII  whkk  I 
rates  the  most  highly  gifted  of  the  uiferiur  animals  and  man. 

Eleventhly,  the  geological  proofs  that  the  human  speciea  ' 
ated  ntter  the  zoological  changes  alx>ve  enumerated  are  very 
It  even  appears  that  man  came  later  upon  the  earth  than  the  laifir 
proportion  of  the  animals  and  plants  which  are  now  hi*  i 
raries.     Yet,  for  reasons  above  stated,  had  th«  date  of  hit 
been  earlier  by  several  |>eriuds.  the  ewuC  woold  haf 
"ither  a  greater  nor  a  less  innovation,  on  the  prtrioaily  wtibKihiii 

*  *">f  the  animate  wurhl.     Iu  oihrr  woids,  there  ai*  ne  _ 
grounds  for  believing  tluit  the  mammiliBrDUa  ftnaa  after  I 
'  *br  ages  had  just  rearbed  its  ntlminaiinp  point. 
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made  its  nearest  approach  in  organization,  instinct,  and  other  attri- 
butes, to  the  human  type,  when  the  progressive  intellect  and  the 
rational  and  moral  nature  of  man  became  for  the  tirst  time  con- 
Bected  with  the  terrestrial  system. 

The  question  then  which  I  projwse  to  test  by  the  recent  discoveries 
of  geology  and  palaeontology  is  this  : — 

First,  whether  the  position  of  the  fossil  remains  of  plants  in  the 
earth's  strata  is  such  as  to  lead  us  to  believe,  that  a  cryptogamic 
flora  preceded  one  consisting  of  flowering  plants,  and  that  the  less 
perfect  of  the  phanerogamic  orders  were  created  before  the  more 
perfect,  and  that  the  most  varied  and  complex  floras  were  last  in 
historical  succession. 

Secondly,  whether  in  like  manner  in  the  animal  kingdom  the 
t-ejihalopod,  fish,  reptile,  bird,  and  warm-blooded  quadruped  made 
their  af>jiettrance  upon  the  earth,  one  after  the  other, — the  Orthoceras 
occurring  iu  the  oldest  Silurian  strata,  the  fish  in  the  upper  Silurian 
and  Devonian,  the  reptile  in  the  carboniferous,  the  bird  in  the  tri- 
assic,  the  earliest  quadrupedal  niammifer  in  the  ooUtic,  and  the 
first  quadrumanous  mannna)  in  the  tertiary,  and  lastly,  man  in 
the  post-tertiary  era  ; — a  series,  if  established,  which  would  seem 
almost  irresistibly  to  lead  us  to  the  inference  that  a  gradual  ailvance 
towards  a  more  perfect  organization,  or  at  least  to  an  organization 
more  and  more  resenibluig  that  of  man,  was  intimately  connected 
with  geological  chronology,  the  creation  of  the  hiiman  species  consti- 
tuting the  last  term  in  a  regular  series  of  organic  developments. 

Our  etForts  to  arrive  at  sound  theoretical  views  on  this  important 
question  may  accelerate  the  future  progress  of  discovery  by  directing 
the  collectors  of  fossils  to  points  where  we  stand  most  in  need  of  in- 
formation, or  by  stimulating  another  class  of  investigators  to  dredge 
the  bottoms  of  lakes  and  seas,  iu  order  to  teach  us  what  are  the  laws 
now  governing  the  inil)ed(ling  uf  the  remains  of  living  plants  and  ani- 
mals iu  ncwly-dejwsitod  sediment. 

If  we  proceed  then  to  consider  the  question  first  from  a  botanical 
point  of  view,  we  find  that  naturalists  are  by  no  means  agreed  as  to 
the  existence  of  on  ascending  scale  of  organization  in  the  vegetable 
world  corresponding  to  that  which  is  very  generally  recognized  in  ani- 
mals. "From  tlie  sponge  to  man,"  to  borrow  the  words  of  De  filain- 
ville,  there  is  a  progressive  chain  of  being,  often  broken,  it  it  true. 
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and  imperfect,  and  in  which  some  whole  genera  or  bmilies  i 
have  no  natural  place.  Dut  if  we  seek  to  dasgiry  pUnU  mom  _ 
a  linear  arrangement,  ascending  graduallv  from  Ui«  iidmt  to  tbc  H^ 
or  the  rose,  we  encounter  incomparably  greater  difUcultie*.  Y«»  Uk 
doi-trine  of  a  more  highly-developed  organization  in  the  plant* 
at  successive  periods  presujiposea  the  admission  uf  suclt  a 
scale. 

There  can,  however,  be  no  dispute  that  the  cryptegMi 
are  the  least  perfect,  a  class  to  which  the  niarioe  ve^etattoB 
entirely  belongs.  The  sea,  it  is  true,  produces  some  fluwcriag 
such  as  Zostera  and  Caulinia,  but  they  are  among  tlie  Icaat-dertiapol 
of  the  [ihaenogninous  tribe.  If  then  the  oldest  fosniifrroos  stnta.  tW 
Silurian  and  the  greater  |)art  of  the  Devonian,  contain  exriuaiicty  mm- 
rine  plants,  we  may  attribute  the  low  scale  of  their  orguuBatioa  tD  Um 
pelagic  nature  of  the  deposits,  and  our  not  having  yet  fo<uul  tho  «MbM 
of  the  then  existing  rivers  into  wliich  we  might  expect  Ind  pinli  ki 
have  been  drifted.  Even  tho  lacustrine  gencn  of  pUnU  wfaieh 
truly  subaqueous,  such  as  Cbara  and  Potunogetou,  uc  coauMnlj  ic> 
garded  by  iKitauists  as  holding  an  inferior  rank  to  Um  gmt  ■■■  «( 
the  phteuoganious  vegetation  of  the  laud, — a  draunataiKc  boC  la  Ik 
lost  .sight  of,  when  we  are  considering  tlie  »calc  of  organtnitinii  is  k^ 
lation  to  geological  e|)oclis. 

By  far  the  greater  number  of  the  land  plants  hilbrrto  ttbuti  !• 
the  Devonian  $tmt«  on  the  continent  of  Europe,  capedaOy  tlsMt  ii 
France,  in  the  department  of  La  Sartlie,  and  >arioiu  parta  ofBtitXaas, 
liave  been  lately  showu  (in  186U)  by  M.  de  Vemeuil  to  belong  to  ike 
carboniferous  scries,  llie  same  may  be  said  of  the  specie*  of  LepidodlH^ 
dron,  Knorria,  Cidninitc,  S^a^i-uarin,  and  other  featm  t9ecalliffigmmi  hf 
M.V..\.  Kuemer  from  the  fonnation called  Graummeie tpMldt 
in  the  Ilartz.  We  may  treat  therefore  of  the  flora  of  the  ca«l-a 
OS  the  first  or  oldest  known  to  us,  frt>m  which  we  can  guas  trw  ■ 
into  tlie  terrestrial  vegetation  of  the  p«lu-07.nic  rporh.  Mow  I 
plants  have  Wn  einnnerated  by  some  botanists  i 
carboniferous  sLmta ;  oiul  M .  .\dolphr  Brongniart,  aAcr  I 
ducing  the  uumWr  of  species,  in  consequence  of  maaj 
founded  on  the  leaves,  utrnis  and  fruit  of  one  and  the  i 
reckons  at  least  .'iOO  species,  one  half  of  which  an  frma.  Thegraucr  p«t 
of  the  rcmaioder  bdong  to  the  dicotyledonoui  gyouiaipctBU^  of  which 
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Bome  are  true  Coniferee ;  and  a  much  larger  proportion  belong  to  an 
auoraolous  family,  departing  very  widely  from  any  living  type,  to  which 
the  Sigillaria,  Noeggerathia,  and  AjterophyUite  are  referred.  They 
united  gome  of  the  characters  now  peculiar  to  the  Cryptogamia  and 
dicotyledons  respectively.  It  is  very  remarkable  that  none  of  the 
exogeus  of  Lindlcy  or  dicotyledonoua  angiospcrms  of  Brongniart, 
which  comprise  four-fifths  of  the  Uving  flora  of  the  globe,  have  yet 
been  discovered  in  the  coal-measures,  and  a  very  small  number,  fifteen 
species  only,  of  monocotyledons.  If  several  of  these  last  arc  true 
palms,  an  opinion  to  which  Messrs.  Liudley,  Unger,  Corda,  and  other 
botanists  of  note  strongly  uicliac,  the  question,  whether  any  of  the 
most  highly  organized  platits  occur  in  the  primary  or  palwozoic  strata, 
must  at  once  be  answered  in  the  affinnative.  If  you  wbh  to  know 
how  far  the  detennination  of  these  palms  may  be  doubtful,  I  refer 
you  to  .\dolphe  Brongiiiart's  discussion  on  the  affinities  of  Musseites, 
Falinacites,  Musoearpuni,  Trigonocarpum,  and  others  in  his  recently 
pubUshed  Essay  on  the  genera  of  Fossil  Plants*. 

When  we  learu  from  botanists  that  there  are  now  1 1 ,000  species 
of  Uving  European  plants,  we  nmst  of  course  regard  the  500  species 
of  the  conl  at  present  known  as  a  mere  fragment  of  an  ancient  flora. 
Were  we  to  explore  the  deltas  of  the  Po  and  the  Rhone  as  diligently 
as  we  have  examined  the  coal-measures,  should  we  obtain  the  remauis 
of  iOO  determinable  species,  even  now  before  the  obliterating  hand 
of  time  has  effaujed  many  of  the  markings  by  the  destroying  effect  of 
heat,  pressure,  the  percolation  of  water,  and  other  causes?  M.  Adolphe 
Brongniart  does  not  seem  to  suspect  that  the  eocene  flora  was  uiferior 
in  variety  and  richness  to  that  which  now  decorates  the  earth,  and 
yet  he  only  describes  209  species  of  eocene  plants. 

If  we  wish  to  be  convinced  of  tlie  probable  extent  of  our  ignorance 
of  the  real  state  of  the  vegetation  of  the  earth  when  the  coal  was 
formed,  it  may  be  well  to  reflect  how  seldom  the  fructification  of  co- 
niferous trees  has  been  met  with  in  the  coal-meastrres.  Mr.  Bunbury 
informs  me  that  he  never  heard  of  more  than  one  example, — that  men- 
tioned in  the  work  uf  Lindley  and  Ilutton,  under  the  title  of  Pinua 
anihraeina.  I  never  saw  any  one  fossil  fir-cone  of  this  age,  either  in 
the  rocks  or  the  museums  of  North  America  or  Europe.     Yet  every 

•  Tablciu  de»  Ve'get.  Foss.,  Diet,  tiiiv.  d'llistoire  N»turelle.    Paris,  184'J. 
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collector  is  familuu-  with  specimens  of  coDiferous  wood  of  the  i 
iiiferous  period,  displaying  characters  raoet  nearly  allied  to  thm  Ev 
Araucarise.  Guppc-rt  indeed  convinced  tiimself  that  many  of  the  I 
of  coal  examined  by  him  in  Germany,  which  have  aatmcturc  like  tku. 
uf  charcoal,  are  derived  entirely  from  coniferous  timber,  and  BraH(- 
uinrt  gives  five  genera  and  sixteen  species  of  Couifene  of  Um  iporil. 
The  Araucnriau  pines  have  large  cones,  and  we  way  expect  to  ncal 
with  the  fruit  of  such  trees  hereafter,  for  l)r.  Manlell  tells  me,  be  ha* 
found  between  forty  and  fifty  fossil  fir-rones  in  the  Wealdca  of  Eh|^ 
land,  although  not  one  is  mentioned  by  Dunkrr,  in  hia 
work  on  the  Uauoverian  M' ealdcn.  The  eoal-settms  of  this  i 
deposit  in  Hnuovcr,  as  I  had  an  opportunity  of  attntmg  I 
arc  almost  exclusively  made  u])  of  the  needle-shaped  fnKagc  of  | 

To  prevent  ourselves  therefore  from  hazarding  Ulte  \ 
we  must  ever  bear  in  mind  the  extreme  scantineas  of  our  pmM*t  h> 
formation  respecting  the  flora  of  that  |>eculiar  class  of  stations  tnwhach 
in  the  palicozoic  era  the  coal-measures  probably  beloof^vd.  I  hnc 
stated  elsewhere  uiy  convictiou  that  the  phuiis  whirh  prodnced  nal 
were  not  drifted  from  a  distance,  but  nearly  all  uf  then  gK«  md  tke 
sjtots  where  they  be<!ame  fossil.  They  ronstitnirrt  the  vcgcCatiaBef 
low  regions,  chiefly  the  deltas  of  large  rivers,  slightly  elmted  i 
the  level  of  the  sea,  and  liable  to  hv  submerge<l  bniraili  the  \ 
an  estuary  or  sea  by  the  subsidence  of  the  ground  to  the  i 
a  few  feet.  That  the  areas  where  the  carboniferous  deposits  i 
Intedwere  low, is  proved  not  only  by  the  occasional  usocistaoiilif  ■ 
remains,  but  by  the  enormous  thickness  of  strata  of  shale  and  i 
to  which  the  seams  of  coal  are  sul>ordinate.  The 
often  thousands  of  feet  and  sometimes  two  or  three  miles  hi 
thickness,  and  they  imply,  that  for  an  indefinite  number  of  i 
great  body  of  water  flowed  contintiotisly  in  one  direction,  i 
down  towards  a  given  are*  the  detritus  of  a  Urj^e  hydiogisiJiiil  I 
basin,  draining  some  large  islands  or  continents  oo  the 
which  the  forests  of  the  coal  period  grew.  If  this  view  bo 
we  can  know  Uttle  or  nothing  of  the  tipland  Aon  of  the  mt 
still  less  of  the  contcni|joraneous  plants  of  the  ninuntaiaoas  or  Alpar 
regions.  If  so,  this  fact  may  go  (ar  to  aci-uuut  fur  the  apfasintt  i 
notony  of  the  vegetation,  altliough  its  uniform  rhararter 
leas  be  in  part  owing  to  a  greater  uniformity  of  clioair  then  [sumI 
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iDg  tliroughout  the  globe.  Mr.  Bunbury  has,  I  think,  successfully 
pointed  out  in  your  Journal,  that  the  peculiarity  of  the  carboniferous 
climate  consisted  more  in  the  humidity  of  the  atmosphere  and  the 
absence  of  cold,  or  rather  the  equable  temperature  preserved  in  the 
different  seasons  of  the  year,  than  in  its  tropical  heat  *  ;  but  we  most 
still  presume  that  colder  chmates  existed  at  higher  elevations  above 
the  sea. 

That  there  was  really  a  scarcity  of  flowering  plants,  other  than  the 
dicotyledonous  gj'innosperms,  in  those  peculiar  stations  where  that 
carbonil'erous  flora  grew  with  which  we  are  acquainted,  is,  1  think, 
most  probable,  for  the  predominance  of  Conifers  and  Ferns,  Lepido- 
dendra  and  Sigillarite,  would  tend,  by  the  mere  occupancy  of  space, 
to  cause  other  tribes  to  be  feebly  represented.  This  argument  is  not 
based  on  negative  evidence,  for  botanists  conceive  that  they  have 
already  obtained  250  species  of  ferns  of  the  carboniferous  tera,  whereas 
the  whole  of  Europe  does  not  produce  at  present  more  than  fifty  spe- 
cies of  the  same  family. 

The  flora  of  the  primary  period,  or  of  the  carboniferous  and  Per- 
mian strata,  is  called  by  Brongniart  the  age  of  Acrogens,  from  the 
great  number  of  Ferus  and  Lycopodiums  which  then  flourished  ;  and 
he  styles  the  secondary  period  the  age  of  Gymnosperms,  because  the 
Conifers  and  Cyeads  then  prevailed  in  great  numbers.  But  before 
we  pass  to  the  vegetation  of  the  secondary  rocks,  we  are  met  with  a 
geological  poiut  of  controversy  of  the  utmost  moment,  on  which  we 
ought,  if  possible,  to  make  up  our  minds,  as  it  affects  nearly  all  our 
generalizations  when  we  contrast  the  fossil  plants  of  the  primary  and 
those  of  the  secondary  rocks.  Are  the  species  of  the  Alpine  anthra- 
cite paloeozoic  or  secondarj',  carboniferous  or  liassic  ?  If  the  plants 
of  Petit-Cceur  near  Moutiers  in  the  Tarantaise,  all  idcutical  with  8[ie- 
cies  of  the  carboniferous  tera,  and  unmixed  with  any  of  an  oohtic 
character,  be  correctly  referred  to  the  lias,  such  an  exception  to  the 
rule  of  the  restriction  of  j)artic»lar  assemblages  of  organic  forms  to 
particular  eras,  shakes  every  theory  which  rests  on  purely  palajonto- 
logical  data  to  its  very  foundation.  In  the  year  1828  M.  Adolphe 
Brongniart  publishetl  an  account  of  twenty-five  species  of  fossil  plants 
from  Petit-Cojur,  twenty  of  which  he  was  able  to  idenlify  with  car- 

*  Quirt.  Joum.  Geo).  Soc.  1816,  vol  ii.  p.  87. 
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bouiferouB  siiecies,  M.  Elie  de  Beaumont  haviiig  fouivd  this  i 
binge  of  fossils  in  slinles  so  intercalated  with  Jt 
containing  Belemnites  (the  strata  containing  the  plants  and  I 
lemnites  being  parallel  and  coufonnable),  as  to  Ittii  him 
that  they  ^ere  all  parts  of  one  formation.  The  dark 
taiuiug  Belemnites  were  recognized  as  a  portion  of  crrtua  i 
rocks,  in  which  Ammanitea  and  other  fossils  charactcristir  of  tbc  Jor 
rassic  scries  abound.  Other  able  geologists  allerwards  visited  I 
and  at  the  Meeting  of  the  French  Geologists  nt  Chamb^iy  i 
they  coufirnied  tbe  views  previously  announced  by  M.  de 
M.  Farre,  however,  endeavoured  to  explaui  the  anomaly  by  i 
that  tnic  carboniferous  schists,  originally  undrrlyiog 
had  been  thrown  together  with  them  into  a  shaqi  ■nririinal  I 
portions  of  which  had  been  subsequently  denuded ;  and  be 
out  that  iu  another  part  of  the  Alps  similar  schists,  oootaiaiDg  ( 
plants,  constitute  the  confonnablc  base  of  the  liassic  group*. 
lloderick  ^lurchison  visited  Pctit-Cocur  in  the  coarse  of  his . 
excursions  in  1847  and  1848,  and  gave  a  section  showing  thai  the 
plant-bearing  nnttiracitic  schists  can  be  traced  witliiii  one  fuot  u^  the 
parallel  tlark  shales  containing  Belenmites;  and,  tu  cite  hii  owa  wwds 
"  the  Belemnite  and  plant  beds  form  {larts  of  the  saoie  gcokfi^cal 
mass,  the  upper  and  lower  (larts  of  which  are  of  similar  i 
consisting  of  talcose  schist  and  sandxtone.  In  fart  I  cannot  i 
liow  any  geologist  can  look  at  this  section,  and  not  drclarv  thatj 
whole  of  these  strata  form  a  natural  group  of  very  small  din 
lie  also  attirms,  "  that  if,  by  a  modification  of  the  rtexurvtl 
suggested  by  M.  Favre,  yie  coul<l  get  over  the  difficulty,  th»  i 
at  Petit-Cccur  would  lie  more  dec«pti\e  tluiu  any  be  has 
mined,  and  until  more  proofs  arc  obtained  to  the  cuutrasy,  be  i 
repeat  bis  belief  that  tbe  relations  of  the  strata  sustain  the  i 
of  M.  E.  de  Beaumont;." 

M'lien  we  arc  to  choose  l>etween  two  allematites,  a  i 
(linary  displacemrnt  or  contortion  of  stratitinl  maitsr«,ori 
to  the  laws  rUewhere  found  to  prrrail  in  the  geologicil  dkUth 
of  organic  rcmniii8,  we  must  duly  weigh,  not  only  the  aioKiilMity  t£ 
the  required  mcchnnical  disturbance,  but  also  the  extent  of  ihepal^- 

*  Bulleus  Sor.  GcoL  de  Pruaoe.  (oL  t.  p.  263- 

t  Quart.  Joum.  Gcol.  Sew.  mi.  v.  p.  177.  :  Ibid.  «aL  v.  ^  tJV. 
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ontologica!  anotnftly.  MTien  Sir  R.  Murchison  and  M.  Escher,  in 
a  late  suney  of  the  Alps,  observed  a  mass  of  limestone  full  of  Juras- 
sic fossils,  a  q\iarter  of  a  mile  long,  resting  uncoiiformably  on  strata 
of  the  eocene  or  nummulitic  group,  in  the  Canton  of  Berne  and  the 
Grisons,  they  preferred  to  imagine  any  amount  of  folding  of  strata 
and  of  lateral  displacement,  rather  than  believe  that  an  oolitic  fauna 
with  its  Ammonites  and  other  fossils  had  re-appeared  on  the  earth 
after  the  older  tertiary  formations  were  deposited*.  In  like  manner, 
when  I  visited  the  Danish  island  of  Moeu  in  1 836,  and  found  the 
northern  or  glacial  drift  extensively  interstratified  with  white  chalk, 
of  which  a  faithful  anil  more  detailed  description  has  just  been  pub- 
lished by  M.  Puggnnrd,  I  stated  in  your  Transactions  that  we  were  jus- 
titied  in  assuming  any  amount  of  eugulfmcnt,  conlortioii,or  "  entangle- 
ment" of  the  beds'of  the  two  forraatious,  rather  than  believe  the  drift 
to  have  been  contenipornncoas  with  the  white  chalk  and  its  flintsf.  In 
such  cases  it  depends  entirely  u]ion  the  degree  of  our  faith  in  the  con- 
stancy of  palaeontological  results,  whether  we  attach  a  greater  or  less 
importance  to  superposition  ;  and,  consistt-ntly  with  this  principle, 
geologists  who  have  rcgardeil  the  cnal-jilants  and  Beleninitcs  of  the 
Tarantaise  as  belongbig  to  the  same  group,  have  laboured  to  show  that 
the  anachronism  woidd  not  be  so  great,  because  the  longevity  of  species 
in  fossil  plants,  say  they,  exceeds  that  which  obtains  in  the  mollusca. 
Thus,  the  Catamites  arenaceu*  is  said  to  aftbrd  an  example  of  a  plant 
common  to  the  coal-measures  and  the  trias ;  but  this,  I  believe,  is 
incorrect,  for  this  species,  Mr.  Morris  f-ells  me,  was  admitted  into  Mr. 
Prcstwich's  list  of  fossib  from  the  coal-measures  of  L'oalbrook  Dale  by 
mistake;  and  even  were  it  true  that  the  range  of  this  and  several  other 
species  was  occasionally  so  great  as  to  extend  from  tlie  coal  to  the  trias, 
or  from  the  trias  to  the  oolite,  such  cases  wotdd  afford  no  jiarallel  to 
the  pretended  occurrence  in  the  Alps  of  a  large  assemblage  of  plants 
proper  to  the  coal  in  the  midst  of  a  Jurassic  fauna. 

Some  years  after  the  pubhcatiou  in  1828  of  M.  firongniart's  first 
list  of  plants  from  the  Alpine  anthracite,  that  botanist  had  an  oppor- 
tunity of  studying  a  still  larger  number  of  species  from  the  same  for- 
mation, so  as  to  raise  the  number  to  forty,  yet  they  all  of  them  were 

•  Quart.  Joum.  Geol.  Soc.  vol.  v.  p.  246. 

t  Trans.  Geol.  Soc.  Ser.  2.  vol.  ii.  p.  257  ;  see  Puggaord,  Mocds  Geologie, 
pp.  118-134  (1S51). 
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still  found  to  belong  to  the  old  cnrbouiferous  type,  witliout  llie  ilij^itrt 
intermixture  of  any  newer  or  Jurassic  forms.  Still  Utcr,  wfacs  M. 
Sisniunda  had  satisfied  himself,  after  visiting  Petit-Cccur  in 
with  M.  Elie  de  Beaumont,  that  the  evidence  in  farour  of  the  Ji 
sic  age  of  the  fossil  |>lRiits  could  not  be  impugned,  br  propowd  to  wk 
tu  invite  some  English  botanist  to  examine  the  foaoli  of  Um  AI^Mt 
anthracite  collected  by  him  and  deposited  in  the  MaaNn  at  Tvi^ 
that  they  might  again  undergo  a  rigoroiu  scrutiay.  Onr  Fi 
Secretjiry,  Mr.  Bunl>ury,  undertook  this  task  in  1H(8,  and  his 
published  in  tlie  fifth  volume  of  your  Journal,  shows  bow  entiidjr  W 
confinncd  the  conclusions  of  M.  Brongniart.  .\t  th«  nae  tini^  W 
reviewed  the  several  conjectures  which  had  br«'n  throws  out  bjr  hC»- 
raiists  to  explain  away  or  solve  the  enigma,  and  pronooBCvd  tkcn  to 
be  all  e<iually  uusatisfactor}'.  It  had  beni  argeii  bj  m» 
fur  example,  that  as  the  same  coal  plants  iiave  a  wids  mifein 
both  in  latitude  and  longitude,  n-achiug  luirtb  and  tooth  firoa  HA- 
ville  Island  to  Alabama,  and  east  and  wc»t  from  Imiiana  to 
they  may  have  tUa  Imd  a  great  vertical  range  or  daratioa  t 
To  this  hypothesis  there  is  this  obvious  answer: — K»m  isi  the 
strata  wc  jKrceive  most  of  the  carboniferous  spocin  Iwgiiiiiing  ^  'B' 
appear,  whilst  a  perfectly  new  flora  appears  in  the  TriaMie  sbl 
Again,  in  the  Lia&sic  epoch,  we  find  other  distinct  Tr{;vtaU* 
not  only  in  Europe,  but  in  America  and  India,  a*  will  benoibj 
sultuig  fur  the  United  States  the  meuioira  published  by  Prof.  W.  B. 
Rogers  and  myself  on  the  oolitic  coal-tield  of  Virf^ta.  and  far  tbc 
East  by  the  accounts  given  by  Captain  Grant  uf  the  dura  of  the  Qm4 
oolite*.  If,  ou  the  otlier  hand,  wc  reflect  on  the  wide  extent,  in  ik 
present  state  of  the  globe,  of  iMtunicjil  pruvincea,  tack  tnhahitod  hj 
its  own  assemblage  of  iilauts,  we  must  rrgard  tha  Vo^gM  a>  aat  fcr 
distant  from  the  Taraiitaise  .\lps.  Yet  in  the  cbaia  of  the  Yuign  ia 
Alsace  we  find,  even  at  the  perioti  nf  the  I^wer  Triaa  or  BaalH;  • 
Tegetatiou  wholly  difiereut  from  the  carboniferoiis ;  and  the  Kaaper 
again,  or  Upper  Trias,  displays  according  to  Adolpbe  Braqgaiait  ■■• 
other  flora  more  approadiing  to  the  uoUtic  What  b  stiO  oMt*  das- 
aive,  in  the  Department  of  the  Is^-rr,  at  no  great  distaaeo  from  cki 
limits  of  the  anthracite  fonuation  of  the  Al|>s,  Juraanc  itfala  ooev 
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containing  impressions  of  pliuits,  which  exliibit  the  usual  characteristics 
of  the  oohtic  flora,  and  include  no  Triassic,  Permian  or  Carbouii'erous 
species . 

Mr.  Bunbury  admits  that  certain  Uvtug  ferns  hare  a  very  wide 
range  in  latitude,  but  still  they  oflFer  no  parallel  in  their  geographical 
distribution  in  space  to  the  supposed  range  in  time  of  the  anthracitic 
fioraof  the  Alps;  for,  in  proportion  as  each  living  species  spreads  far- 
ther and  farther  from  its  point  of  departure  or  chief  centre  of  deve- 
lopment, it  becomes  more  and  more  mixed  with  the  plants  of  other 
provinces.  Nowhere  could  the  botanist  point  to  a  group  of  forty 
trees,  shrubs,  or  ferns  flourishing  at  two  remote  points  in  the  globe 
unmixed  with  foreign  plants,  and  separated  by  two  or  more  provinces 
of  distinct  species. 

That  we  may  not  underrate  the  real  amount  of  the  sujiposed  ano- 
maly or  exception  to  all  ordinary  rules,  in  the  case  of  the  antlu-acitic 
flora  of  tlie  Alps  (assuming  it  to  be  of  Jurassic  date),  we  must  bear 
in  mind  that  the  beds  containing  it  are  not  simply  regarded  by  M.  £. 
de  Beaumont  as  the  e<|uivalents  of  the  lias,  but  also  as  corresponding  in 
age  to  the  Oxford  eluy  or  middle  oolite,  as,  for  example,  at  Chardon- 
net  near  Brianfon,  to  which  Mr.  Bunbury  has  alluded  in  his  paper*. 
Hence  we  should  be  called  upon  to  believe  that  certain  species  of 
Sigillaria  and  Stigmaria,  of  Asterophylhte,  Lepidodendron,  and  Cala- 
tnite,  together  with  a  midtitude  of  Ferns,  had  lived  on  through  the 
Carboniferous  and  Pennian  periods,  through  the  lower  ajid  upper 
Triassic,  and  still  survived  in  the  eras  of  the  lias,  inferior  oolite,  and 
Oxford  clay,  without  permitting  aivy  of  the  characteristic  species  of 
these  several  epochs  to  intrude  themselves  uito  their  company. 

The  late  celebrated  jialiEontologist,  M.  Voltz,  when  he  conversed 
with  me  on  this  suliject  in  1  S'M  at  Strasburg,  had  satisfied  himself 
that  certain  islands  in  the  tropica  quite  isolated  from  other  lands, 
had  continued  to  grow  the  plants  in  question  throughout  the  vast 
interval  of  time  which  separated  the  coal  from  the  lias,  and  that 
fragments  of  their  stems  and  leaves  were  drifted  by  a  marine  cur- 
rent over  the  ocean  and  buried  with  belemnites  and  marine  shells  in 
muddy  liassic  sediment  thrown  down  in  the  latitude  of  the  Alps.  How- 
ever violent  such  no  hypothesis  may  appear,  no  other  has  since  been 


*  Quart.  Joiirii,  Ceol.  Soc.  vol.  v.  pp.  133,  136. 
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invented  of  a  more  plausible  kind,  unless  we  e4ca|ir  from  tbe  £S*1 
culty  by  explniniitg  away  what  is  called  "  phyniod  eviiiatoe "  or  tlw 
"  order  and  position  of  the  beds."  It  is  conceded  on  kU  haada  that 
in  no  region  of  the  globe,  hitlierto  studied  by  grologiatK  bM  llw 
original  arrangement  of  strata  been  subsefjuently  so  much  altOTMi  fcy 
complicated  foldings  and  dislocations,  aiui  by  mctaiuoqihic  Ktio^ 
which  last  has  sometimes  superinduced  a  crystalline  itracturc  oa  oUtr 
formations,  while  those  of  newer  date  retain  their  ordinafT  ■■■liwt^il 
rouditiou. 

In  a  district  of  such  chaotic  confiision,  we  may  well  dtspiirtdhaaf 
able  to  trace  out  the  true  chronological  sequence  of  fosailifMtMi*  grBn|i^ 
and  we  therefore  hail  with  pleasure  the  discovery  of  an  undiitiif^cd 
region  not  \  ery  remote,  where  strata  wearing  the  Mine  tmneral  aad  p^ 
laeontological  aspect  occur.    It  apfieara  that  recently,  in  iHoO,  tb*  tmm 
Italian  professors,  Meneghini  and  Savi,  have  drircted  near  Vohcrim 
niithracitic  schists  containing  coal  plants  like  tlioxe  of  tlie  Alpa^  aacfc 
as  Pecopterit  arboretrm*  and  Annularia  loHgi/oUa,  on  which  hada  of 
lias  with  the  ordinary  marine  shells  repose.  These*  schiata  *"*oirg  l0th» 
I  'ernicano  or  oldest  conglonieratr  of  Italy,  which,  so  lotig  aa  aofbaab 
were  obtained  from  it,  had  been  regarded  in  Tuscany  as  the  batr  td  tia 
lias,  but  which  will  lietu'efiirth  be  claaaed  aa  a 
glomerate  and  schist  sup])oning  the  Jnnusic  arriM.    Soeli  I 
tu  have  a  direct  bearing  on  the  enigmatical  queation  of  Falit'Caar, 
from  the  circumstance  that  in  many  parta  of  the  Alpa,  aa  ia  tka 
well-known  instance   of  the  Valoraiac,  wUch   I  bare  nnraelf  a»> 
mined,  the  plant-be«ring  schists  are  aaaocatad  with  a  eoa^amaatt 
doubtless  analogous  to  the  Verrucano.    This  fact  Sir  Rodnie  Mar* 
chisou  and  Professor  Heer  have  remarked,  when  comnttBliag  oa  i^ 
statements  of  Signori  Meneghini  and  Savi*.     We  have  hwhIt  tJMa 
to  imagine,  that  in  the  Tarantaise  Alps,  as  in  Tuscany.  JunaaK  stnta 
were  tint  thrown  down  ou  horiiontal  coal-measures,  and  that  in  tW 
Tarantaise  lhcM>  were  aAerwarda  crumpled  and  folded  logECliar  hj 
more  than  one  Bcries  of  movements,  which  exteudird  in  Uia 
Alps,  as  we  know,  even  to  the  cretaceuiu  and  eocene  dejiOHta. 
we  consider  that  occasionally  the  Permian  group  is  wanUng  ia 
land,  and  tbe  .Muschelkalk  universally,  we  ought  not  to  be  I 

*  Quart.  Joom.  Geol.  Soe.  vol.  ti.  p.  W2  ;  tad  Hver,  MWihslliM|ia  4tr  I 
OtttUtch.  In  Zurich,  Jtavrf  IMO. 
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at  the  omisBiou  in  another  part  of  Europe  of  all  the  beds  between 
the  coal-measures  and  the  lias  ;  and  it  seems  clear  that  if  we  assent 
to  the  doctrine  that  the  Verriicano  of  Volterra  is  a  painpozoic  rock, 
■we  are  simplj  required  to  transfer  to  Tuscany  the  flexures  and  in- 
verted position  so  characteristic  of  the  beds  in  many  jiarts  of  the 
Alps,  and  we  should  have  the  enigma  of  Petit-CtEur  repeated. 

Having  offered  these  observations  on  the  fossil  plants  of  the  pri- 
mary strata,  a  few  words  may  suffice  for  the  flora  of  the  secondary 
and  tertiary  eras,  for  in  these  all  botanists  seem  to  agree  that  some 
highly  developed  families  of  monocotyledons,  such  as  the  Liliacere 
and  Palms,  occur.  In  the  inferior  ooUte  of  England,  we  find  the 
fruit  of  Podocarya,  so  well  described  and  illustrated  by  Dr.  Buclclaiul 
in  his  Bridgewater  Treatise,  and  which  seems  clearly  to  have  been  an 
endogen  closely  allied  to  the  Paudanus  or  Screw  Pine. 

In  the  strata  from  thetriassic  to  the  Purbeck  inclusive,  comprising 
Brongniart's  age  of  gj'ninosperms,  plants  of  the  family  of  Zamiaaud 
Cycas,  tt^ther  with  Coniferee,  predominated  in  Europe  far  more 
than  anywhere  now  on  the  globe  in  corresjwnding  totitiidos.  They 
must  have  given  to  the  flora  of  this  jwriod  a  peculiar  aspect,  but 
our  data  are  too  scanty  to  entitle  us  to  affirm  that  the  vegetation  of 
this  second  epoch  was  on  the  whole  of  a  simpler  organization  than 
that  of  our  own  times.  In  Bronn's  catalogue  223  species  only  of  plants 
arc  enumerated  in  all  the  rocks  ranging  from  the  lias  to  the  middle 
oolite  inclusive.  Not  a  few  even  of  these  are  referred  to  Algie,  29 
species  of  that  tribe  having  been  obtained  from  the  lithographic 
slate  of  Solenhofen  and  the  neighbourhood,  all  from  one  subdivision 
of  the  oolite. 

The  cretaceous  strata  are  classed  by  Brongniart  together  with  the 
tertiary  in  the  Inst  of  his  three  periods  before  alluded  to,  namely 
the  age  of  angiosperms.  The  two  upper  divisions  of  the  Wealden, 
the  Hastings  sand  and  Weald  clay,  may  probably,  for  reasons  to  which 
I  shall  allude  in  the  sequel,  be  referred  to  the  same  age.  In  regard 
to  the  rocks  ranging  from  the  lower  greensand  to  the  Macstricht  beds 
inclusive,  they  are  chiefly  marine,  and  we  have  therefore  as  yet  but 
little  information  respecting  the  contemporary  plants  which  grew 
on  the  land,  but  such  as  are  known  display  a  transition-character 
between  the  vegetation  of  the  secondary  and  that  of  the  tertiary 
formations.     Conifene  and  Cycadere  still  continued  to  flourish,  and 
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even  s  tree-fem  has  been  detected  in  the  fciiU(pMuu»  mutd  of  the 
lower  L-retaceoiis  groiij)  in  the  Ardennes  in  Fnncv.     Toi  lliw 
tion   is   referred  by  Brongniart  to  the   age  of 
well-marked  IcAves  of  dicotyledonous  trees  harini;  been 
GcnnanVi  in  the  rrctaceous  ({uader-sundatcin  and  planer-kalk.     Tht 
co-cxistencv  of  these  with  nunierotis  rycads  and  with  tlie  great  x^^J 
tiles,  the  Iguanodon,  Ichthyosanrus,  Plesinsanrus,  niid  ftarwittyl.  i»H 
not  unimportant,  as  it  proves  that  there  was  nothing  in  thr  "* — 
sphere  so  favourable  to  the  predominance  of  grmnoapmns 
a  rich  reptilian  fauna,  which  was  fatal  to  the  existfncr  both  tt 
cotylcdonous  and  dicotyledonous  angiosjM-nns. 

You  are  aware  that  in  many  localities  in  the  nci^l 
Paris  there  is  a  formation  calU-d  the  pisolitic  limestonr, 
in  position  between  the  white  chalk  and  the  oldett 
and  that  there  has  been  much  controversy  whether  it  tbooU  hr  f»- 
ferred  to  the  cretaceous  or  to  the  eocene  |ienod.     Tltat  H 
the  age  of  the  Maestricht  chalk  seems  to  l>e  the  prrfermble 
and  some  have  considered  the  limestone  of  Seamie  mmt  Fvm  t*  W 
of  the  same  age ;  while  others  regard  the  latter  a*  lower 
In  this  Umestoue  we  have  a  8])eciM  of  Hepatics.  the  Mmrdkmmtim 
tannetmt,  Brongniart,  preserved  in  a  kind  of  travertin,  with  m 
of  moss.     Uow  rarely  must  we  ex|iect  such  disoowrica  ta  im 
in  rucks  of  such  ancient  date !     If  cN-cesionallr  wc  obtaiB  ■ 
of  the  existence  of  a  lichen,  a  Jungermnnnia,  or  a  laoM, 
or  aniWr,  it  is  all  the  evidence  we  can  look  for  of  whole 
plants  which  may  Imve  played  as  great  a  part  ia 
getjlogical  epoch,  as  now  in  the  living  creation. 

Tlie  number  of  plants  hitherto  obtained  (Voni  tertiavr 
different  ages  is  vitv  limited,  but  is  rapidly  increaaing.     Tlicy  %mm 
been  met  with  chiedy  in  isolated  spots ;  and  all  Ihoae  rxainiacd  bf 
M.  Ad.  Brongniart,  even  tlie  pliocene  fosailtf.  arc  eoonicTml  hj  hm 
to  be  dixtinrt  fnnn  living  spedai.    Thej  are  rifiiaMii  la  a  wamk 
gn-atcr  variety  of  families  and  daaaea  than  the  tmam  OTBhtr  of  if»- 
ciei  taken  from  aecondary  or  primary  foiuMrtiam,  the 
bearing  the  same  propartioa  to  tlie  gyamoapgnua  aad 
in  the  preaent  vegetation  of  the  globe.    Thia 
doubtless  be  partly  ascribed  to  the  grntUr  variety  of 
the  plants  grew,  as  we  have  in  thia  insUitoe  an  uppaetntr,  tmM 
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enjoyed  iii  studying  the  secondary  fossib,  of  investigating  inland  or 
lacustrine  dejmsits,  accumulated  originally  at  different  heights  alx>ve 
the  sea,  and  inclosing  the  memorials  of  the  floras  washed  down  from 
the  adjouiiug  monntaios, 

Tlie  mutual  dependence  of  plants  and  animals  on  each  other  is 
such,  that  we  may  fairly  presume  that  the  relative  numbers  in  each 
of  these  kingdoms  of  Nature  did  not  depart  very  widely  in  any 
former  geological  period,  especially  the  tertiary,  from  tlie  proportion 
now  prevaiUng.  It  is  true  that  the  fossil  tlora  of  the  palaeontolo- 
gist is  meagre  iu  the  extreme  when  contrasted  with  the  fossil  fauna, 
but  this  arises  from  the  fact  that  almost  all  our  fossil  species  of  ani- 
mals are  aquatic,  whereas  there  are  eoni])arativcIy  few  aquatic  plants 
now  existing  iu  the  world,  and  they  seem  not  to  have  been  more 
abundant  at  remote  epochs.  If  we  compare  the  terrestrial  fossil 
fauna  with  the  terrestrial  flora,  the  disproportion  no  longer  holds 
good. 

Professor  Broun  has  enumerated  in  his  '  Index  Palaeontologicus,' 
24,U0O  fossil  animals  and  only  2050  fossil  plants,  the  proportion 
being  only  one  plant  for  twelve  animals,  whereas  m  the  living  crea- 
tion he  estimates  the  relative  proportions  to  be  seven  species  of  plants 
for  ten  of  animals.  But  although  the  value  of  the  botanical  data 
on  wliich  we  reason,  may  only  be  as  one  to  twelve  when  compared 
to  our  zoological  uiformation,  we  seem  already  to  have  suflicient 
evidence,  that  there  have  been  at  least  four,  if  not  five,  revolutions 
since  the  cretaceous  era  in  the  species  of  plants  inhabiting  the  earth  ; 
and  during  these  successive  changes  there  is  no  manifest  elevation  in 
the  grade  of  organization,  implying  a  progressive  improvement  in  the 
floras  which  succeeded  each  other  from  the  eocene  to  our  own  epoch, 
The  plants  of  the  lower  eocene  found  at  Sheppey  include  genera  of 
which  the  organization  is  as  perfect  as  iu  those  found  uiucli  higher 
in  the  eocene  series,  (in  the  gypsum,  for  example,  of  Paris)  ;  and  the 
same  may  be  said  of  the  miocenc  and  plioceue  a.ssemblnges  of  plants. 

Let  us  now  turn  to  tlie  fossils  of  the  animal  kingdom,  and  inquire 
whether,  when  they  are  arranged  by  the  geologist  in  a  chronological 
series,  they  imply  that  beings  of  a  more  highly  developed  structure 
and  greater  intelligence  entered  upon  tl»e  earth  at  successive  periods, 
those  of  the  simplest  oipuiizatiou  being  the  first  created,  those  more 
highly  organized  being  the  last.     It  may  be  affirmed  that  the  know- 
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ledge  acquired  of  late  years  of  the  Silurian  faun*  redaee*  at  amet  thr 
theory  of  successive  development  within  very  daitow  ItiHltt ;  ■i'  ** 
discorer  even  in  the  lower  Silurian,  a  full  rrpreflcntatiaR  of  the  ttmSmM, 
Mollusca,  and  Articulata  proper  to  the  sea :  and  rvgardbig  k  M  ft 
tnariue  fauna  confined  to  those  thn-e  classes,  it  mi^ht  almoat  mtm  to 
imply  a  more  perfect  develo]>ment  than  that  which  people*  the  onii 
of  our  own  times.  Tlius  in  the  great  division  of  Radiati,  we  §mk 
asteroid  and  helianthoid  zoophytes,  besides  crinoid  aoil  cyvtiiicMa  t^y 
nodenus.  Li  the  Mollusca,  M.  Bnrrauile  euunwnUM,  ia  Bobco* 
alone,  the  astonishing  number  of  'JoU  species  of  cephalopoiia.  la  tW 
Articulata  we  iiave  the  crustaceans  repmented  by  mofv  cImb  Sit 
species  of  trilobitej<,  not  to  mention  other  genera. 

The  remains  of  fish,  hitherto  referred  to  lower  Silurian  rodo,  hcM 
proved  on  closer  investigation  to  be  spurious,  those  of  the  WcalMk 
and  Caradoc  groups  in  England  having  been  found  to  be  jMTliiM  «f 
loophytes  or  crustaceans,  or  cystidean  plates,  and  the  khtbyiliik^ 
supposed  to  be  of  like  antiquity  in  the  United  Suua,  bcag  ■•• 
ascribed  by  some  geologists  to  the  upper  Silurian,  bjr  others  to  Ike 
Devonian  era.  Nevertheless,  in  the  Bala  limestooe  in  WaleSb  ■■  ^ 
doubted  member  of  the  lower  Silurian,  our  GoftnoDeol 
have  met  with  coprolites,  which  when  analywd  yielded 
and  40  per  cent,  of  ])liusphate  of  huu>,  and  beer  wilaeee  to  the  i 
ence  of  Vertebrata  in  the  most  ancient  seal.  ProAeeor  John  : 
in  his  memoir  on  the  Malvern  Uills  and  the  palaeottoic  diatxicle  «f 
Abt^rley  and  'NVoolhope,  observes,  that,  on  oompeting  the  faeeia  d 
the  lower  with  the  upper  Silurian  groups,  he  ooold  i 
whatever  that  the  lapse  of  time  had  produced  any  itof 
development  in  organic  forms*. 

In  the  ui)per  Silurian,  we  find,  in  addition  to  all  tlie  graeeaef  ik( 
invertebrate  classes  before  euunu*mte<l,  placuid  fish,  aome  of  vhak 
Agassis  refers  to  the  cestraciont  sharks,  a  family  still  existiafr  ia  Ifte 
Auetnlian  sees,  and  which  Prof.  Owen  pUrea  at  the  top  of  the  I 
of  ekrui  orders  uf  tishes,  ranged  in  an  ascending  scale  tt  ( 
sation. 

Tlie  marine  character  of  the  Silurian  rocks  of  Eanpe 
America  is  sustained  even  in  India  by  strata  of  the  tame  aft, 
pears  from  the  late  investigations  of  Captain  Strechcy,  who  hea 
•  Mem.  of  Geoi.  Sorvev  of  Great  Britaia,  I»48,  raL  i.  |l.  }&. 
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tained  from  them  a  fine  series  of  fossils  from  the  uorthem  slope  of 
the  Himalaya  mountains,  more  than  '200  miles  north-west  of  Cash- 
mere. Having  therefore  as  yet  only  discovered  the  deep-sea  forma- 
tions of  this  remote  period,  we  know  nothing  of  the  contemporaneous 
terrestrial  fauna.  It  is  but  lately  indeed  that  our  surveyors  in  Shrop- 
ebire  have  determined  that  land  did  exist  at  that  period,  and  have 
begim  to  trace  out  the  boundaries  of  the  shores  of  a  Silurian  sea. 

In  these  most  ancient  of  fossiliferous  strata,  I  can  neither  discern 
any  signs  of  the  dawn  of  organic  lile,  or  of  au  immature  and  incipient 
condition  of  the  animate  creation,  and  as  Uttlc  proof  of  a  restless  and 
chaotic  state  of  the  planet,  as  if  earthquakes  were  more  frequent  and 
violent,  or  the  waves  loftier,  or  the  marine  currents  swifter  than  at 
present.      The  corals  and  criuoids  imply  pure,  clear,  and  many  of 
them  tranquil  water,  the  pebbles  are  not  larger  than  those  of  suc- 
ceeding epochs,  and  the  ripple-marked  sands  at  the  bottom  of  the 
^^  series,  as  seen  for  example  in  the  Potsdam  sandstone  of  Vermont, 
H  precisely  resemble  those  of  a  modern  beach.     The  doctrine  of  inter- 
mittent paroxysms,  with  long  intervening  periods  of  repose,  is  cer- 
tainly preferable  to  a  theory  of  chronic  turbulence,  for  those  who 
despair  of  explaining  all  ancient  disturbances  of  the  earth's  crust 
by  the  cumulative  effect  of  prolonged  movements,  or  the  indefinite 
repetition  of  shocks  of  minor  violence.     But  I  must  refer  you  for 
my  views  on  this  subject  to  my  iVnniversary  Address  of  last  year. 
^P     Some  eminent  naturalists  have  assumed  that  the  earliest  fauna  was 
exclusively  marine,  because  we  have  not  yet  found  a  single  Silurian 
helix,  insect,  bird,  or  terrestrial  reptile  or  mammifer.     But  if  any  one 
wishes  to  convince  himself  of  the  rashness  and  unsoimdness  of  such 
generalizations,  he  need  only  study  the  results  of  a  recent  dredging 
expedition,  conducted  by  Prof.  E.  Forbes,  not  in  sens  of  considerable 
depth   and   somewhat  remote  from    land,  Uke  those  in  which  the 
greater  part  of  the  Silurian  strata  were  deposited,  but  near  our  coast. 
I  allude  to  the  observations  laid  before  the  British  Association,  at 
I      Edinburgh,  in  1850,  by  Messrs.  Forbes  and  MacAndrcw,  who  iu 
^kthe  summer  of  that  year  explored  the  bed  of  the  British  seas  from 
the  Isle  of  Portland  to  the  Land's  End,  and  thence  again  to  Shet- 
land. They  have  recorded  and  tabulated  the  numbers  of  tlie  various 
organic  bodies,  obtained  by  them  in  14Q  distinct  dredgiugs,  made  at 
^LdiiFerenl  distances  from  the  shore,  varying  from  a  quarter  of  a  mile 
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to  forty  miles.  Tlie  list  of  marioe  tuvcrtcbrntc  aninial*,  U^b 
niolluxca,  aiul  nrtiriilatu,  is  by  no  means  ineoiistiilrrnhlr,  ba 
traces  of  any  vertebrate  aiiiiual  were  found.  Vlicu  tbem 
(iu  five  or  six  eases  only),  they  were  limited  to  fiak,  eoHMtinj^  at  m 
few  ear-bones,  as  in  the  Crag,  and  of  small  vertebne.  No 
were  met  with,  no  relies  of  terrestrial  mammals,  altbungb  at 
points  thev  npjjrooehed  near  to  the  shore  so  as  (u  dml|>v  op 
fragments  of  wood.  In  two  or  three  instanees  only  mvre  mr 
of  hnmon  manufarture,  snrh  ns  a  glass  bottle,  fishnl  up.  If 
could  he  |)laced  on  negative  evidence,  we  might  iloJow  fi 
facts,  that  uo  cetacca  existed  in  the  sea,  and  no  rrptUn,  bvdl^  m 
quadm|>eds  on  the  neighl>o\iring  land. 

One  solitar)'  heli\,  whieh  had  been  carried  out  to  sn  by  • 
crab,  was  brought  up  from  a  depth  of  six  fathoms ;  Imt  no 
mollosca  were  obtained,  probably  because  their  shell*  are  !a 
very  fragile. 

The  absence  even  in  the  coal-mensiires  of  land'«hells  is  « 
and,  if  I  mistake  not,  significant  fact.  The  known  living  ^teeit*  if 
the  genera  Tlclix,  Cyelostonia,  Bnliniiis,  Achatina,  Pop*.  ■■!  Ch^ 
silia  exceed  2000  in  numWr  ;  and  not  one  of  thnr  gnwis.  aor  tm 
of  the  pulmoniferous  raollusca,  such  aa  Lymneos,  PlaKabM.  Fliyah 
&c.,  have  as  yet  been  detected  in  any  one  of  the  primary 
the  Silurian  to  the  PiToiian  inclusive.  Yet  no  one  wbo 
the  great  number  of  palarazoic  marine  shells,  and  the  nrtcnt  to 
they  can  be  arranged  uniler  the  genera  or  families  cstahCdinl  tm  ife 
classification  of  recent  testocea.  rmi  reasonably  doobt  that  U»r  k^ 
of  those  periods  were  also  inhabited  by  moUusca. 

Some  few  shells  of  the  coal-meaaom  hav«  been  rrfmctl  te  iW 
genus  Uiiio,  and  others  to  an  ainielid  alltnl  to  SpiroHM,  aiMi 
Mirrnet)nrhus,  probably  an  iuhnbitnnt  of  brackish  water, 
land  and  freshwater  shells  should  be  so  rare  m  hitbolo  to 
cM'apcd  detection  sur]>rises  me  the  lexs  when  I  mnmbtr  Wii 
geutly  I  Aoarrhed  in  vain  in  the  alltivini  strata  laid  opra  fai  thrMfe 
of  the  Mis»issippi  at  low-water  for  similar  rrniains.  In  mnr  wt 
ancient  fluviatilc  mud  of  the  valley  of  the  MiMiiiii|nii.  wlurii  I  kaar 
compared  to  the  loess  of  the  Rhuie.  bind  and  firabwntrr  abella  «t 
iating  tpedn  abound,  but  they  must  be  extrrmrlr  scarrr.  in  tbr  ho 
region  of  ryprr«*-swamp»,  near  the  ara,  where  wr  brboU 
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more  ucarly  reKcnibling  tJjose  which  must  have  prevailed  when  the 
Hdcient  eoal-tiieasiires  were  formed. 

Already  some  light  has  heeii  thrown  on  the  Articiilnta  of  the  car- 
boniferous period,  some  Arachnidie  having  been  procured  from  strata 
of  tluM  age.  Two  species  of  Coleoptera  of  the  Linu«au  gcmis  Cur- 
culio,  a  neuropterous  bisect  rcsienibling  a  Corydalis,  aiid  another  of 
the  same  order  related  to  the  Phasmidse,  have  been  met  with  in  the 
iron-stouc  of  one  coal-field,  that  of  Coalbrook  Unlc.  As  an  example 
of  the  insectivorous  arachiiidans,  I  may  mention  the  Scor})ion  of  tlie 
Bohemian  coal,  figured  by  Count  Sternberg,  in  which  even  the  eyes, 
skin,  and  minute  hairs  were  preser\'cd*.  We  need  not  despair  there- 
fore of  obtaining  eventually  fossil  rei)resentatives  of  all  the  ])rincipal 
ordtra  of  hexajiods  and  arachnidans,  although  the  species  found  in 
the  coal  may  never  constitute  a  thousandth  part  of  those  which  in- 
habited the  earth  at  the  era  in  fjuestion. 

The  inference  of  I'rofessor  Ileer,  that  insecta  were  very  rare  at  that 
period,  owing  to  the  scarcity  of  dowers  iu  those  forests  in  which 
Ferns,  Lycopodia,  and  Equiseta  predomuinted,  does  not  appear  to  me 
legitimate  ;  nor  can  I  agree  with  him  m  thinking  it  probable  that 
h'pidopterous  insects  were  first  created  in  the  tertiary  period,  merely 
because  the  oidy  wcU-determuied  specimens  of  that  order  yet  known 
to  palaeontologists  have  come  from  tertiary  strata.f  I  have  myself 
found  the  elytra  of  beetles  Ijoth  in  peat  and  shell-marl  in  Scotland,  as 
well  as  in  the  pleistocene  freshwater  beds  of  the  Noriblk  cliffs  at 
Muude>ilcy,  but  I  have  never  seen  a  single  moth  or  butterfly  in  any 
recent  deposits ;  and  if  we  were  to  search  these  for  ages,  could  we  ex- 
pect to  gain  from  them  a  much  clearer  knowledge  of  tlie  1 1 ,000  in- 
sects now  living  in  Great  Britain,  than  tliat  which  the  coal-meaaures 
have  afforded  of  the  carboniferous  insects  ? 

When  Agassiz  described  152  species  of  ichthyolites  from  the  coal, 
lie  foiuid  tlicm  ^)  consist  of  9-4  placoids  belonging  to  the  families  of 
8hark  and  Ray,  and  .'jH  ganoids.  One  family  of  the  latter  he  called 
"sauroid  fish,"  including  the  Megahchthys,  lloloptychius,  and  others 
often  of  great  size,  and  all  predaceoiis.  Although  true  fish,  and  not 
intermediate  between  fish  and  reptiles,  they  seem  undoubtedly  to 
have  been  more  highly  organized  than  any  hviiig  fisii,  reminding  us 
of  the  skeletons  of  true  sanrians  by  the  close  sutures  of  their  cranial 

*  Biickland,  liridgcwaltr  Treat,  p.  109. 

t  Heer,  Quart.  Journ.  Geol.  Soc.  vol.  vi.  Part  2.  p.  68. 
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bones,  their  large  c-ouical  teeth,  striated  loiigitudinallj,  mad  the  i 
culations  of  the  spinous  processes  with  the  vertcbne.      Until 
Intcly  it  was  imagined  by  some  geologists  that  this  icfatfajic  tjpc  < 
the  more  highly  developetl,  because  it  took  the  Ind  at  Um  bmA  ^1 
Nature  before  the  class  of  reptiles  had  been  crr«t«id.      For  k  «naj 
taken  for  granted  that  reptiles  were  first  iutrodooed  into  the  ( 
in  the  Permian  period,  many  pnlKontologista  coiuitienag  that  the 
limits  of  our  knowledge  of  tlie  existence  of  any  daas  at  ■niiM 
)>ast  time,  coincided  exactly  with  the  date  of  its  creatioa. 

At  length  in  (he  year  1 844,  M.  Herman  vou  Meyer  detcribt^  ■ 
the  name  of  Apateon  pedeatrU,  the  first  skeleton  of  a  mitih 
the  coal-measures.    lie  supposes  this  animal,  found  at  Udastar-AppsL  I 
in  Rhenish  Bavaria,  to  be  nearly  related  to  the  SalaaiaaiieCB. 
years  later,  in  18-17.  Professor  von  Dechen  discovered  in  faugr 
cretionai^-  nodules  of  clay-ironstone,  in  tlie  coal-field  of  flairtifftii,  1 
the  skeletons  of  do  lei>s  than  three  distinct  species  of  i 
reptiles,  which  were  figured  and  described  by  the  kic 
Goldluss,  under  the  generic  name  of  .VrchcKOMunis.    Thar  \ 
additions  to  the  carboniferous  fauna  were  proenied  at  Use  tiBi^  af 
Lebach,  between  Strusburg  and  Treves.     The  spedea  of  idilkjrailM 
and  coal-plants  in  the  accompanying  shalea  leare  ao  ihmfal  of  iha 
exact  age  of  the  fonnatiou.     The  largest  of  the  three  epedca,  aJUd 
Arektgo*aurua  Decheni,  must  have  been  three  feet  six  iadtea  hag. 
Fortuimtely,  the  skull,  teeth,  and  tlie  greater  {Mirtiun  uf  tbc  ifcihtw. 
nay,  even  a  Urge  part  of  the  imbricated  covering  or  bomj  acafea  of  iht 
skin,  have  been  faithfully  preserved  m  two  of  the  •pecuaraa.     TWy 
were  considered  by  Guldfiiss  tu  be  sauriaus,  but  ilerman  voa  Sla^ar 
regards  them  as  most  nearly  allied  to  the  Ijtbyrinthodaa,  aad  that- 
/ore  connected  with  the  balrochians  as  well  aa  (he  fauda.     n> 

naius  of  the  extremities  leave  no  doubt  tliat  lltcy  wnv  hii1hh»Al 
'  provided,"  says  \o\\  Meyer,  "  with  Itands  aitd  feci  tcnainalim  ■ 
distinct  toes  ;  but  these  Uuibs  were  wr«k,  M-niug  only  far  i 
or  crt<eping."  The  same  anatomist  has  puiutrd  out  certain  : 
anaJogT  between  their  bones  and  tliose  of  the  Protrtumn 
Prtif.  Uweu  has  ob«er>ed  to  mr  that  they  make  an  a{>pRiach  to  iha 
I'rotriui  iu  the  shortness  of  their  ribs*. 

Even  lirfore  any  intelbgenoe  of  these  European  ttiarnwiini  |a| 

•  ftolitfnw,  Nrur  JenatMhr  Ut.  Zeit.  18i8  (  anil  Von  Mf;«r,  Qaart 
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reached  me,  I  had  satisfied  myself  of  the  genuiucuess  of  the  reptiliau 
foot-pruits,  first  observed  iu  18-1I  by  Dr.  King  nt  Greeusburg  in 
Pcttnsylvania,  aiid  wliich  I  examiued  carefully  in  his  company  in 
1846*.  They  occur  as  casts  on  the  lower  side  of  slabs  of  sandstone, 
in  the  midst  of  the  coal-me«8ures,  and  were  evidently  made  by  a 
large  air-breathing  animal,  walking  over  soft  mud  which  atterwards 
dried  and  cracked  in  consequence  of  shrinking.  This  American 
fossil  appears  to  have  been  a  much  broader  auiniftl  than  the  European 
triassic  Cheirothcrium  and  of  a  different  geims.  Its  stratigrnphical 
position  is  unequivocal,  as  it  is  imbedded  in  coal-measures  containing 
impressions  of  Lepidodeiidron,  Sigillaria,  and  Stigmaria,  some  of  the 
plants  being  specifically  identical  with  those  of  the  European  coal. 
I  alluded  in  my  last  Anniversary  .\ddrcss  to  otlier  foot-prints  of  a 
large  reptile,  supposed  to  be  of  considerably  older  date,  found  in 
1849  by  Mr,  Isaac  Lea,  iu  red  saudslono  referred  to  the  Devonian 
period,  at  Pottsville,  near  Philadelphia.  These  appear  to  be  referable 
to  a  different  species,  and  have  been  lately  shown  by  Prof.  II.  D, 
Rogers  to  belong  to  the  lowest  part  of  the  carboniferous  aeries,  and 
are  therefore  not  much  more  ancient  than  the  foot-prints  of  Greeus- 
burg, above  mentioned. 

In  the  course  then  of  the  last  six  years,  memorials  of  reptile  life 
^_  have  been  traced  back  from  the  Permian  to  the  bottom  of  the  Car- 
^P  bouiferous  deposits,  or  nearly  as  far  iis  any  land-plants,  and  farther 
than  the  oldest  land-shells,  yet  known.  They  have  been  carried 
down  as  it  were,  iu  six  years,  through  a  voluminoiis  series  of  docu- 
^^  ments  15,000  feet  or  more  in  thickness;  and  we  ought  therefore  by 
^pno  means  to  despair  of  tracmg  birds  or  any  other  inhabitants  of 
~  the  land  to  periods  as  remote. 

I  will  now  proceed  to  consider  the  bearing  of  the  organic  remains 
of  tlie  secondary  formations,  from  the  trias  to  the  chalk  inclusive,  on 
the  doctrine  of  successive  development.  Respecting  tiic  Invertebrata 
of  this  vast  period,  I  need  only  say,  that  memorials  of  all  the  aqimtic 
tribes  ore  as  abundant  as  we  cunld  expect  to  find  those  of  living  in- 
^■Tertebrata  iu  the  bed  of  the  actual  seas.  But  it  is  worthy  of  notice^ 
^^that  the  freshwater  and  terrestrial  nioUusca  are  usually,  as  in  older 
formations,  very  rare  or  entirely  wanting.  No  helices  or  other  land 
shells  have  been  collected,  for  example,  from  the  lias,  although  Mr. 


*  See  the  Author 't  Second  VUit  to  the  United  States,  vol.  ii.  p.  305. 


Iviii 


i-KoceKUiNus  or  the  CKOLOCICAL  SOCirTT. 


Urodic  in  his  valuable  *  Ilbtory  of  BritiDb  lusccta'  iafonm  Oi^ 
till-  iiiarl-stoncM  and  slioles  of  this  agp,  in  Ulouontenlan  ao 
parts  of  the  Wost  of  Kiiglniid,  there  are  iiuuiermix 
insects  and  jilanls  oecasionally  mingled  with  marine  sltdk^ 
also  inth  freshwater  uioUnsea  of  the  genera  CycW  and  Unio.  Om 
shale  cuntuiuiiig  Cvpris  is  charged  with  the  wing-caaes of  ColMfilcBl, 
aud  sonic  nearly  entire  beetles  of  which  the  eyes  ara  pit  mil-  TW 
nervures  of  the  wings  of  the  neuropteroua  insects  are  alao  Aiaatl  ■■  a 
very  perfect  state  in  the  same  bed.  Throughout  an  olcaave 
several  bauds  of  thb  lias  have  been  termed  iuaect-lsHalaDi^  i 
sequence  of  the  great  number  of  such  fossils,  no  Ins  thaii  3<W 
mens  of  hexapods  having  beeu  obtained,  comprinng  bodi 
and  herb-dcvouriug  beetles  of  the  Liimieau  genera  ^af^^B^^ 
and  others,  besides  Grassliopiiers  (Gryllut)  and  detached  wiaca  aC 
Dragon-Hies  and  May-flies,  or  insects  referable  to  Uie 
genera  Libellula,  Ephemera,  Ilemerobius,  and  Panor|i«,  the 
nsscinblage  belonging  to  no  less  thau  twenty -four  fiunilir*. 
have  evidently  been  washed  down  into  the  sea  bj  a  river,  wlucb  aka 
brought  down  the  leaves  of  fenis  and  monucotyletlons,  toytbaf  wA 
fragments  of  other  plants,  possibly  dicotyledonous*.  That  ae  ahA 
of  snails  or  any  air-breathing  tcstacea  have  bc«n  jH  •'***■**'—'  ■■tf 
be  a  mere  accident,  and  we  may  consider  uuiialw  in  Uua  and  ntmj 
other  districts  as  treading  on  the  thwahoM of  flwomriaa,  whkii  aaf 
■oon  make  ua  better  ac«|uaiuted  with  the  oootcoipMaaeoaa  §tmm  tmk 
&una  of  the  dry  knd. 

Until  the  year  1816,  when  Dr.  Ihinkrr  drscribeil  thf  TTwIifcahat 
of  the  North  of  Germany,  no  well-detrrminrd  speciiiien  tt  thv  gnas 
I'lanorbis  had  been  detect^-d  in  beds  older  than  theeoctot;  and  Ik* 
first  species  of  I.ymneiis,  more  ancient  tluui  thmr  nf  tetttuy  AM; 
was  found  by  the  same  geol(^iiit.  In  the  four  yran  wbidi  haw 
since  elapsed.  Prof,  E.  Forbc>s  has  not  only  met  with  Tarioaa  sprda 
of  these  genera  in  each  of  the  three  divisions  of  the  IhulmJi  ia  Dw^ 
■etahire,  hut  has  also  obtained  from  the  same  rodu  ValfMa,  ftjab 
and  Mclania  in  abundance,  together  with  the  fruit  of  (.' 
Tioasly  sujiposed  to  bo  characteristic  of  strata  nrwrr 
moat  chalk.  You  will  find  that  some  able  palseootohiKiaa 
£flposed  to  lean  on  the  absraee  of  pulmouiferou*  uinUuaea 
aniecedcul  to  the  eocene,  in  support  of  the  ihvoey  a 
•  Prttf.  Bockmas.  Qoart.  ^oura.  Cwi.  Soc.  tmL  tv  a.  «l 
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deTelopment,  arguing  that  the^  tribes,  possessing  as  they  do  a  high 
gnule  of  organization  (although  by  no  means  the  highest  among  the 
uiollusca),  eamc  latest  in  the  order  of  creation,  or  were  not  formed  until 
the  tertiary  epoch.  It  is  therefore  important  that  we  should  have  made 
so  large  an  accession  of  fossils  referable  to  this  division,  some  of  the 
species  approaching  very  closely  in  their  forms  to  living  English  shells, 
in  strata  of  such  antiquity  ;  for  the  receut  researches  of  Prof.  Forbes 
leave  little  doubt  that  the  Purbeck  Ijclongs  to  the  oolitic  type,  judging 
from  its  interealateil  marine  shells  and  echinodorms,  whereas  the  ma- 
rine molhisca  of  the  [lastings  sands,  collected  by  Mr.  Austen,  imply 
that  that  division  of  the  Wealden  has  a  closer  affinity  to  a  lower  cre- 
taceous fauna.  According  to  this  view,  the  genera  Planorbis,  Lym- 
ncus,  Valvata,  Physa,  and  others,  are  at  once  carried  down  from  the 
eocene  group  to  the  oolite,  aud  such  a  fact  should  for  ever  warn  us 
against  reasoning  in  future  on  mere  negative  evidence,  as  to  the  non- 
existence of  all  similar  families  of  mollusca  in  the  primary  periods. 

In  speaking  of  the  Vertebrata  of  the  secondary  rocks,  I  need  only 
observe  respecting  the  fish  and  reptiles,  that  they  were  most  fidly 
developed  in  their  organization,  the  Iguanwlon  and  some  other  con- 
temporary saurians  making  even  a  nearer  approach  in  many  characters 
of  their  osteology  to  warm-blooded  quadrupeds  than  any  reptiles  now 
living  on  the  globe.  The  only  points  therefore  in  secondary  palicon- 
tology  to  which  it  seems  necessary  to  allude  are,  first,  the  foot-prints 
of  birds  in  the  trioa  of  North  America,  secondly,  the  fossil  mammalia 
of  the  Stonesfield  oolite,  and  thirdly,  the  extreme  scarcity,  if  uot  entire 
dearth,  at  present,  of  cetaceous  remains  in  rocks  older  than  the  eocene. 

First,  as  to  the  age  of  the  red  sandstone  containing  bird-tracks  in 
the  valley  of  the  Connecticut  river,  I  have  little  doubt  that  tliis  rock 
is  at  least  as  old  as  the  European  trias.  It  contains  several  species 
of  fossil  fish  of  the  ganoid  genus  Ischypterus  of  Egerton,  by  wliich  it 
is  distinguished  from  those  coal-bearing  strata  of  oolitic  or  liassic 
age,  near  Richmond  in  Virginia,  which  1  have  described  in  the  third 
volume  of  your  Quarterly  Journal.  The  genus  Ischypterus  is  of  a 
peculiar  t)T)e,  and  therefore  of  small  value  iu  settliug  a  chronological 
question,  but  the  want  of  a  decidedly  heterocercal  tail  may  jK-rhaps 
raise  some  presumption  against  their  being  Permian.  That  they 
are  newer  than  the  true  or  primary  coal-measures  may  be  deduced 
from  still  more  satisfactory  data.     The  old  carboniferous  formation 
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euters  into  all  the  flexures  of  the  Appalachian  cham.  wbcrtM  tbc 
saudstoue  of  the  Connecticut,  or  at  least  iu  etjiuTalent  iu  New  Jta 
reposes  in  many  places  unconfomiably  on  l}ie  denuded  etigea  ci 
incUned  or  vertical  Appalachian  bed*. 

When  I  first  exauiiued  tliesc  strata  of  shale  and  MBCUlaae  ■ 
Jersey  city,  in  company  with  Mr.  Redfield,  I  uw  at  otiee  horn 
ripple-marked  surface  of  the  slabs,  from  the  cutta  uf  cradu,  tiic  ni 
of  rain-drops,  and  the  imbedded  fragments  of  drift- wood,  that  th 
beds  had  been  formed  precisely  under  circumxtaiictv  mcwt  fkviMin 
for  the  reception  of  impressions  of  the  feet  of  animals,  waUciag 
tween  high  and  low  water.  In  the  prolongation  of  tlir 
the  valley  of  the  Connecticut,  there  have  been  found. 
Professor  Hitchcock,  the  fuot-prints  of  no  leas  than  thirtj-Cwo  i 
of  bipeds  and  twelve  of  quadru[>eds.  Thirty  of  tbeae  are  nfcna^ 
birds,  four  to  lizards,  two  arc  b<>lieved  tu  be  those  of  dldoniaa^l 
six  to  be  batrncliians,  the  remaining  two  being  doubtAiL 
been  observed  in  more  than  twenty  localities,  wliich  are  i 
an  area  of  nearly  eighty  miles  from  north  to  south  in 
Massachusetts  and  Connecticut.  Ai^er  visiting  Mrrersl  of  I 
I  entertained  no  doubt  that  tlie  sand  and  mud  wrrc  depootad  as 
area  which  was  slowly  subsiding  all  the  while,  k>  that  at  wowm  poi 
a  thickness  of  more  than  1000  feet  of  su[)erimpoacd  Utmtm  had  an 
mulatcd  in  ver>'  shallow  water,  the  foot-prints  being  repeated  al  t 
intervals  on  the  surface  of  the  mud  throughout  the  entire 
auperiraposed  beds.  When  I  first  examined  thia  Iffion  ia  1ft 
Professor  Hitchcock  had  already  seen  2000  impreanoo^  aaeb  of  A^ 
indented  on  the  upper  sides  of  layers  of  shale,  while  the  caala  of  ^ 
same,  standing  out  in  relief,  always  protnided  from  the  lower  a«d| 
of  the  incumbent  strata.  Had  they  been  ruiicrftious,  as  aome  gNJ 
gists  at  first  contended,  they  would  have  been  ocrasitmaPy  ii^ 
projecting  from  the  upper  sides  of  strata  of  sandstone.  I  waa  ■ 
much  struck  when  following  each  single  line  of  foot-inarkak  to  ^ 
how  nnifonn  they  were  in  size  and  how  nearly  e()uidistattt  trma  ai 
other,  whereas  on  turning  to  a  larger  or  smaller  act  of 
the  distance  separating  any  two  tracts  in  the  Maw  aoioi 
incroaaed  or  diminished,  there  bring  an  obviova  piopuHhi  baM 
Hm  Inigtli  of  the  atride  and  the  dimnuiooa  of  the  matmr  mU 
-alked  oirr  the  mud.     There  are  also  a  |;r«at  namber  of  < 
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where  the  trifid  impressions  exhibit  three  marks  of  phalangeal  bones 
for  the  inner  toe,  four  for  the  middle  and  five  for  tlie  outer  one,  as 
in  the  feet  of  living  tridaetylous  birds,  and  in  each  continuous  line  of 
steps  the  three-jointed  aiid  five-jointed  toes  are  seen  to  turn  alternately 
right  and  left.  In  one  slab  found  at  Turner's  Falls  on  the  Connec- 
ticut by  Dr.  Dcane,  the  fine  matrix  has  retained  marks  of  the  integu- 
ment or  skin  of  the  foot.  This  specimen  is  now  in  the  museum  of 
Dr.  Mantell,  and  the  impression  was  recognized  by  Prof.  Oweu  as  re- 
sembluig  the  skin  of  an  ostrich  and  not  that  of  a  reptile.  Such  a  test, 
in  addition  to  the  other  evidence  before  mentioned,  should,  I  think, 
remove  all  scejiticism  in  regard  to  the  ornithic  nature  of  most  of  these 
bipeds.  The  size  indeed  of  some  of  the  fossil  impressions  seemed  at 
first  to  raise  an  objection  against  their  having  belonged  to  birds,  as  it 
far  exceeded  that  of  any  living  ostrich,  but  the  Diiiornis  and  other 
feathered  giants  of  New  Zealand  have  removed  this  difliculty.  The 
foot-prints  we  accompanied  by  numerous  coprohtes,  and  Mr.  Dana 
lias  derived  an  ingenious  argument  from  the  analysis  of  these  bodies, 
the  proportion  they  contain  of  uric  acid,  phosphate  of  lime,  carbonate 
of  lime,  aud  organic  matter,  showing  that,  like  guano,  they  are  the 
dropjiings  of  birds  rather  than  of  reptiles*.  Still  it  is  asked,  whe- 
ther, if  birds  were  so  abundant,  we  ought  not  to  meet  with  some  of 
their  bones  in  a  fossil  state, — a  remark,  be  it  observed,  which  is  equally 
appticuble  to  the  associated  quadrupedal  imprints.  In  reference  to 
this  question,  I  took  pains,  when  on  the  shores  of  the  Bay  of  Fundy, 
after  I  had  examined  the  red  sandstone  of  the  Connecticut,  to  inquire 
whether,  in  digguig  trenches  through  the  red  mud  of  recent  origin, 
from  which  the  tide  has  been  excluded  by  sea-banks,  they  had  ever 
found  the  bones  of  birds,  and  I  could  hear  of  no  instance,  although  I 
saw  the  sandpiper,  or  Tringa  minuta,  making  e^■ery  day  those  lines 
of  impressions  ui  the  mud  bordering  the  estuary  which  1  have  de- 
scribed and  figured  in  my  '  Travels.'  My  friend  Dr.  Webster,  of 
Kentville,  Nova  Scotia,  has  recently  sent  me  some  fine  examples  of 
rain-drops,  whicli  he  saw  formed  during  a  shower  on  tliis  modem 
mud,  and  casts  of  which  project  in  relief  from  the  under-side  of  an 
incumbent  layer  of  the  same  argillaceous  deposit,  thrown  down  durmg 
a  subsequent  rise  of  the  tides.  Thus  marked  aud  traversed  by  cracks 
caused  by  shrinkage,  aud  containing  the  foot-prints  of  birds,  they 
*  Amer.  Joum.  of  Science,  vol.  xlviii.  p.  46. 
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preRcnt  n  singularly  |M>rfect  counterpart  of  miny  of  the  oU 
siiido!)  above  described. 

Mr.  Darwin  telU  us  in  hia  '  Joumnl  of  a  Voyage  in  Um 
that  the  South  American  ostricLes,  although  thpy  live  oo  fc 
matter,  such  as  roots  and  graas,  are  repeatedly  acen  at  Baki*  Bli^ 
lat.  ^i9°  S.,  on  the  coast  of  Bueuus  Ayres,  coming  down  at  iam  «l 
to  the  extensive  mud-banks,  which  are  then  dry,  for  the  aake 
feeding  on  small  fish.     Over  such  mud-flats,  hirda  of  ilifferr«l  ail 


•.  thqrw 


together  with  alligators,  turtles,  and  other  reptiles,  raaj 

leave  their  foot-priuts,  and  yet,  altiiough  swarming  by  mj 

leave  none  of  their  bones  in  the  newly  depoated  i 

searched  in  vain,  yew  afksr  year,  in  the  ■hell-nwii  ei 

the  evidence  of  the  exiatenee  of  a  angle  bird,  in  a  i 

bo<lily  of  ghells  uf  the  genera  Lrinneua,  Planorbia,  Surriiw.  i 

rata,  and  in  whicli  the  ttkeletona  of  deer,  men,  and  othv  i 

are  met  with  in  considerable  nuntbers.  aithoagh«e  know  that  hn 

the  lakes  were  draiiwd,  which  yield  tliia  marl  »o  largely  uaed  i 

tore,  the  surface  of  the  waters  and  the  bordering  awampa  < 

with  the  wild  duck  and  wrild  swan,  and  witli  teal, 

snipes,  and  other  fowl.     Tlu-y  have  lcl\  no  foaail  i 

them,  because  if  they  fieribhed  on  the  laud,  their  I 

b<-caitie  (he  prey  of  carnivorous  animals  ;  if  ou  the  ' 

buoyant  and  floated  till  they  were  devuurvd  by 

birds,  and  in  warmer  countries  by  reptiles,  stteh  ax  the  i 

the  same  causes  of  oliliterntion  liare  no  power  to  effiMV  the  faut^ 

which  such  creatures  may  have  left  on  an  anckat  mnH-hank  or  A^ 

and  thcM-,  like  the  ripple-mark  on  the  nrfiMe,  orthe  CMts  of  aanj 

formed  by  the  shrinkage  of  mud  daring  draiocation,  nay  he  ■§  j 

l>eri«luilile  as  any  other  portion  of  the  loUd  rock. 

\\'e  have  at  present  no  foaail  remainaof  birds  in  the  | 
tifuu  of  any  eounUy,  and  none  in  the  secondary,  i 
liana,  above  alluded  to,  in  the  red  aanditnne  of  Ne*  1 
few  Britiitb  s|>rcimen8  of  l>onN  froa  the  odite  of  I 
Wealdm  of  TilgaU;  Forest.  A<ler  I  had  been  iuibnned  by  Mr,^ 
bank  that  among  several  bonra  n(  Ptrnvlactyla  bam 
had  met  with  one  from  the  same  locality  whicli  by  ite 
*t  met  II  re  was  clearly  referable  to  a  bird,  I  pfopowid  to  Mr.Qail 
of  the  CkiUrge  of  Sun;eoiM  to  eumine  the  foMb  of  the  «■■•  d 
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in  the  Society's  Museutn,  a  task  which  he  kindly  undertook,  lie 
reports  to  me  that  all  the  bones,  more  than  twenty  in  number,  are 
those  of  birds,  cxcp]it  two  which  belong  to  Pterodactyls  and  are  cha- 
racterized by  that  minute  structure  which  Mr.  Bowerbank  found,  in 
1847,  in  the  Plcrodnctyls  of  the  chalk.  The  Wealden  fossil  which 
Cuvier  and  Mantell  once  referred  to  a  wading  bird  seems  to  be  refer- 
able to  a  Pterodactyl,  for  reasons  pointed  out  by  Prof.  Owen.  But 
Dr.  Mantell  is  still  of  opinion,  that  he  liad  in  his  collection  from  the 
Wealden  a  portitm  of  the  ulna  of  a  bird  on  which  there  was  a  distinct 
row  of  slight  eminences,  like  the  tubercles  on  the  ulna  of  some  birds, 
for  the  attachment  of  the  large  wing-feathers.  Tliis  specimen  has 
been  transferred  to  the  British  Museum,  and  well  deserves  to  be  sought 
for  and  figured. 

The  Protomis  Glarienti*  of  H.  von  Meyer,  found  iu  the  slates  of 
Glaris  in  Swit7,crland,  was  formerly  cited  as  an  example  of  a  creta- 
ceous bird.  But  according  to  the  classification  of  the  Alpine  strata 
lately  proposed  by  Sir  Roderick  Murchison,  you  will  observe  that 
this  schist  is  about  the  age  of  the  nummulitic  limestone,  and  there- 
fore an  eocene  rock*. 

The  lotig-winged  bird  of  the  ciialk,  called  Cimolioniis  by  Prof. 
Owen,  formerly  considered  as  alUed  to  the  albntros,  has  now 
proved,  as  Mr.  Bowerbank  had  inferred  from  the  striictnre  and  pro- 
portions of  the  bone-cetls,  to  be  a  Pterodactyl,  the  jaws,  skulls,  and 
wiug-bones  of  tliree  species  of  these  flying  reptiles  having  been  found 
in  the  white  chalk  without  flints,  above  the  chalk  marl  in  Kent.  Mr. 
Bowerbank  estimates  the  largest  of  these  species,  judging  from  the 
size  of  the  boues  as  compared  Ut  corresponding  portions  of  Plcro<lne- 
tyU,  of  which  we  have  the  more  or  less  perfect  skeletons,  t<»  have 
been  so  gigantic  that  it  nieasure<l  1  fi  feet  G  inches  from  tip  to  tip  of 
the  outstretched  wingsf . 

Some  geologists  have  suggested  that  these  flying  reptiles,  when 
very  abundant,  may  have  performed  many  of  the  fimctions  now  dis- 
charged ill  the  animal  kingdom  by  winged  and  feathered  bipeds.  It 
may  be  so;  but  the  numerous  foot-pruits  of  tridactyle  bipeds  of 
various  sizes  in  the  trias  of  North  America,  and  the  fragments  of 
ornithic  boues  from  Stonesfield,  above  adverted  to,  should  put  us  on 

*  Qaiut.  Journ.  Geol.  Soc.  voU  v.  p.  199. 
t  ZooL  Proceedings,  Jan.  14,  1851. 


xlTi 


PROCEEDINGB  OF  THE  OROLOOirAL  SOCIH-nr. 


t  Uui  wnttt 


our  guud  against  hastily  assuming  eri-n  t])r  souritj  at  Utii  gnat 
class  in  what  has  been  termed  the  Age  of  Rejrtiles. 

If  \re  consult  Prof.  Owen's  work  on  British  Fossil  Munaialia 
Birds,  we  find  229  figures  devoted  to  the  illustration  of  the 
and  only  seven  figures  to  the  birds.  Three  specin  only  had 
obtained  in  184(1  from  the  English  eocene  beds,  although  mmtmm 
British  manimalin  were  known  when  that  tn'alisc  appeared.  Cark*** 
inrestigatioiis  had  long  before  made  known  to  tia,  that  in  the  eocov 
gypsum  of  Montmartre  there  were  ornitholites  of  the  fiunibra  A(o- 
pitres,  Gallinacea;,  Grallatoreii,  and  Palniipedrs,  and  it  u 
remarkable  that  the  freshwater  deposits  of  the  Isle  vt  Wif:ht 
Hordwcll  Cliff,  which  had  yielded  freshwater  shrlU  in 
for  half  a  century,  had  aflForded  us  no  insight  \nUt  the  •«t»te  of 
contemporaneous  feathered  creation. 

The  nest  point  in  the  palfcontniogy  of  the  ven^brata 
secondary'  formations,  relates  to  the  fossil  mammalia  of  the 
Stunesfield.  The  manner  in  which  the  lower  jaws  of  extinct 
peda  of  no  less  than  three  species  are  imbedded  in  au  oolitic 
prevents  the  possibility  of  any  cavil  as  to  the  lonlitjr  frooi 
they  were  all  derived,  and  the  rock  itself  is  well  aicertafawd  to 
to  tlie  lowest  division  of  the  oolitic  syatem  of  Eoglani].  Id  flair 
state  of  preservation  they  rival  the  beautiful  foMtla  of  the  hra 
gy]>sum,  or  those  of  corresponding  eocene  date  recmtlr  "^'^^inH  tam 
Ilordwell  ClifT.  After  the  animated  disciuaions  whi^  hare  tifaa 
place  in  this  room,  it  would  lie  a  waste  of  time  to  rrpe«t  to  Toa  thr 
arguments  by  which  the  llnnterian  I^fessor  pmred  thai  jai 
conaiating  of  a  single  piece  with  donblc-fangrd  tivth  and 
condyles  exhibiting  well-developed  coronoid  proceaara,  cannot  has* 
belonged  to  fish  or  rejitiles.  I  shall  merely  allude  to  the  hie  t^ 
eovery  of  a  more  perfect  jaw,  which  enabled  Profaaar  Oawu'a  aa»- 
tomical  skill  to  decide  that  the  angular  procesa  of  tlie  Aw^itktrimm 
I'rrrottii  was  bent  inward  in  a  slighter  degree  than  in  any  af  tW 
known  niarsupiaUa.  The  fact  of  the  inflection  not  rseeedag  tkai 
observable  in  the  jaw  of  the  living  mole  or  the  hedgehog  tanw  tbe 
acale  in  favour  uf  the  afhuities  of  the  Amphilhmum  tn  the 
inaectirora.  although  it  still  appruximalcii  in  some  pointa  uf  ita 
lo^  to  the  Mymiecobius  and  other  manupials  of  Aaatralia. 

But  the  precious  relic  of  another  mamraiferoua  grai 
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in  the  slate  of  Stonesfield,  called  Didelphyt  Bueklandi  by  Broderip, 
and  I'hn^colotherium  by  Owen,  manifests  so  complete  an  agreement 
with  the  living  genus  Bidelphys  in  the  number  of  premolar  and  molar 
teeth,  in  the  general  form  of  the  jaw,  and  in  the  extent  and  po- 
sition of  its  inflected  angle,  that  we  can  hardly  doubt  its  marsupial 
character, — a  conclusion  of  no  small  importance,  because  in  this  case 
we  have  osteological  evidence  that  imth  the  placental  and  marsupial 
classes  of  mammalia  were  already  in  being  in  an  early  part  of  the  oohtic 
era,  just  as  opossums  now  coexist  with  skunks  on  the  American  con- 
tinent. Several  insects,  and  among  them  the  elytra  of  beetles,  on  which 
these  small  Cjuadrupeds  may  have  fed,  are  preser^'ed  in  the  same  rock  ; 
and  Prof.  Owen  remarks  that  some  carnivorous  quadrupeds  of  coeval 
date  could  scarcely  have  been  wanting  to  keep  down  the  numbers  of 
the  Phascolotheres  and  Amphitheres,  which  were  probably,  like  the 
quadrupeds  now  jnnst  nearly  allied  to  thein,  quick  breeders*. 

By  a  singular  accident,  no  other  bones  have  been  collected  of  the 
skeletons  of  the  seven  individuals  as  yet  fomid  at  Stonesfield,  except 
seven  half  lower  jaws  ;  a  fact,  demonstrating  in  a  marked  maimer  the 
fragmentarj'  nature  of  the  memorials  handed  down  to  us  of  an  ancient 
terrestrial  fauna.  Yet  no  small  diligence  has  been  used  by  collectorg 
for  more  than  a  quarter  of  a  century  to  obtain  even  the  smallest  iso- 
lated bones  of  fish  and  reptiles  from  these  beds.  1  can  onlv  compare 
the  ca])ricious  chance  which  has  hitherto  put  us  in  the  exclusive 
possession  of  these  seven  jaws,  with  the  equally  strange  accident  re- 
corded by  Ur,  Maiitell,  in  his  career  of  discovery  in  the  Wealden. 
He  computed  that  in  the  course  of  twenty  years  he  had  found  teeth 
and  bones  of  the  Iguanodon  which  must  have  belonged  to  no  less  than 
71  distinct  individuals,  varying  in  age  and  magnitude  from  the  rep- 
tile just  burst  from  the  egg,  to  one  of  which  the  femur  measured  24 
inches  in  circumference.  Yet  it  was  not  until  the  relics  of  all  these 
indinduals  were  known  that  a  solitary  example  of  part  of  a  jaw-bone 
was  obtained.  As  in  other  branches  of  inquiry  one  invention  or 
discx)very  usually  ehcits  anotlrer  of  the  Ranie  kind,  so,  when  at  length 
the  first  Iguanodon's  jaw  had  been  procured,  a  second  was  soon  de- 
tected in  a  different  locality,  and  then  the  fragment  of  a  third  brought 
to  light  from  the  stores  of  the  British  Museum.  The  soli<lity  nf 
these  jaw-bones,  and  the  strength  wth  which  sereral  teeth  fixed  in 
I  *  Brit.  Fois.  Mamm.,  Introduction,  p.  W. 
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them  adhere  to  their  sockets,  render  it  more  than  rrcr  ma 
why  hundreds  of  similar  detached  teeth  should  bare  been  pn 
collected  by  naturalists  without  their  baring  fallen  in 
fragment  of  a  jaw-bone. 

If  it  appear  sing\ilar  that  the  first  terrestrial  ((U 
date  than  the  eocene  strata  should  have  been  met  witli  hi* 
limestone  at  the  bottom  of  the  oohte,  rather  than  in  the  fre 
strata  of  the  Wealden,  where  the  remains  of  herbiranm* 
abound,  I  may  observe  that  it  is  not  more  strange  tfaaa  that 
shells  should  yet  have  been  discovered  in  the  WeaMtn,  or 
pulmoniferous  mollusca  should  have  been  met  with,  antO  Uh 
resenrchos  of  Messrs.  Duuker  and  E.  Forbes  had  nude  tbcH 
in  Ilaiiover  and  Dorsetshire. 

The  last  remaining  point  respecting  tlie  development  at  A 
highly  organized  vertebrata  in  the  older  rucks,  on  wlitch  I  | 
to  offer  some  comments,  relates  to  the  absence  of  C«taccft  ta 
marine  mammalia  m  fonnations  more  ancient  than  tbe  en 
agree  with  Professor  Owen,  that  no  argument  ibanded  oa  i 
evidence,  in  favour  of  the  imperfect  development  of  the  daiM 
tebrnta  in  the  earlier  {leriods,  is  eutiiled  to  mi  much  wcigl* 
dearth  of  fossil  cetaceans  in  these  primary  and  teeagtdmtj  d 
marine  origin.  Professor  Sedgwick  indeed  aiatea  in  his  i 
that  he  possesses  in  the  Woodn-ardion  Mniteam  a  r~ari  of  4 
oerrical  vertebrae  of  a  wliale,  which  he  fouid  onu  fStjA 
he  has  no  doubt  came  from  tlte  Kimmeridge  clay, 
same  state  as  other  fossil  bones  procured  from  tltot 
Owen,  who  has  examined  it,  says  tliat  it  exhibits  wcU-marilcd  1 
c:haractcr8,  distinguishing  it  from  aU  other  known 
retocea.  If  there  were  not  driA-cIay  as  weU  •■  . 
tlie  low  region  where  these  vertebrK  were  picked  a|i^  it  «sd| 
derisive  imiication  of  a  marine  mammal  of  the  period  tt  d» 
oolite.  It  was  probably  derived  ftom  that  fitnuation ;  bol  tka 
mination  of  iu  true  site  is  not  so  saliitfartnry  as  eooM  be  M 
where  the  fossil  bears  on  a  theoretical  {loiut  of  such  1 
ance  in  palaeontology. 

According  to  the  '  Index  Poheontologicns '  of  Broun, 
daaoibed  a  Tubiciiu-lla  from  the  chalk  of  Belgium ;  a^] 
*  PrefiM*  to  &tk  Ed.  of  >tud>«  cti 
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on  calling  my  attention  to  this  fact,  obserres,  that,  if  this  cirripede 
has  been  correctly  named,  it  implies  with  a  high  degree  of  probability 
the  presence  of  Cetacea  in  the  cretaceous  sea.  It  is  absolutely  certain 
that  a  Tubicinella  could  live  in  no  other  way,  except  inilKfddcd  iti 
some  soft  substance,  like  the  blubber  of  whales.  Not  only  is  the 
recent  Tubicinella  invariably  thus  found,  but  all  four  species,  in  the 
two  nearest  allied  genera,  Coronida  and  Siphonicella,  a  new  geuus  of 
Darwin,  have  similar  habits,  therefore  it  wotdd  be  contrary  to  analogy 
to  suppose  tliat  a  fossil  Tubicinella  should  have  been  parasitic  on  any 
class  of  auinials  except  the  mammalia. 

But  while  we  are  waiting  for  more  positive  mlbrmatiou  on  this 
subject,  it  may  be  affirmed  that  the  theory  of  the  imperfect  derelop- 
ment  of  the  mammalia  in  the  cretaceous  or  ooUtic  eras,  is  suthciently 
refuted  without  the  aid  of  a  cetacean  from  the  Kimmeridgo  clay, 
seeing  that  in  the  antecedent  skte  of  Stonesfield,  nature  had  already 
evolved  both  the  placental  and  marsupial  type  of  mammals.  That 
in  an  age  of  Enaliosaurians,  most  of  them  carnivorous,  tlie  Cetacea 
may  have  been  superseded  to  a  great  extent  by  large  marine  reptiles, 
or  may  have  been  much  less  fully  represented  than  in  our  own  era, 
when  salt-water  reptiles  are  almost  unknown  even  in  the  tropics,  is 
liighly  probable ;  just  as  wingless  birds  appear  for  ages  to  have  pre- 
dominated iu  New  Zealand  at  the  expense  of  the  mammalia ;  while 
marsupial  quadrupeds  enjoyed  a  monopoly  of  Australia  to  the  exclu- 
sion of  the  plBct;Dtal.  Yet  before  we  indulge  even  in  this  hypothesis, 
it  will  be  prudent  to  wait  for  some  years  to  see  whether  the  reputed 
relic  of  a  cetacean  in  the  Woodwardian  Museum  is  the  only  fossil  of 
this  class  laying  claims  to  so  high  an  antiquity. 

At  the  risk  of  appearing  to  repeat  the  caution  already  enjoined  by 
me  ou  the  palteontologist,  I  will  veuture  to  throw  out  another  parting 
Lint  on  the  subject  of  negative  evidence.  If  we  infer  the  poverty  of  the 
f  flora  or  fauna  of  any  given  period  of  the  past,  from  the  small  number 
of  fossils  occurring  in  ancient  rocks,  we  are  bound  to  remember  that  it 
has  been  evidtully  no  part  of  the  plan  of  Natiu-e  to  hand  down  to  us 
a  complete  or  systematic  record  of  the  former  history  of  the  animate 
world.  We  may  have  failed  to  discover  a  single  shell,  marine  or 
freshwater,  or  one  coral  or  bone  in  certain  sandstones,  such  as  that 
of  the  valley  of  the  Connecticut,  where  the  foot-prints  of  animals 
abound.     But  such  failure  may  have  arisen,  not  because  the  popula- 
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tion  of  the  land  or  sea  waa  scanty  at  tlial  era,  but 
the  preservation  of  any  relics  of  the  animals  or  plai 
is  the  exception  to  a  general  rule.     Time  so  rnormoua  M  tfaat  H»- 
templated  by  the  geologist  may  multiply  exceptional  CMM  tiD  ibqr 
seem  to  constitute  the  rule,  and  so  imjiose  on  the  imapaatian  m  tt 
lead  us  to  infer  the  non-existeuce  of  creature*  of  «)ucfa  B 
ments  happen  to  remain.     Professor  Edwanl  Porbw  in  hii 
on  Paloeontology  has  remarked,  that  few  geologiata  ■!«  mm*  htm 
large  .a  proportion  of  all  known  species  of  fossils  air  foundni  on  m^ 
specimens,  while  a  still  greater  number  are  founded  on  *  few  ntdni- 
duals  discovered  in  one  spot.     ThLi  holds  tni*  not  only  is  rcpvd  to 
animals  and  plants  inhabiting  the  land,  liie  lake,  and  the  n»«r,  1 
even  to  a  surprising  imuiber  of  the  marine  moUusca,  articulata, 
radiata.     Our  knowledge,  therefore,  of  the  living  cfcatioa  of  < 
given  period  of  the  past  may  be  said  to  dq>end  in  a  graM 
what  we  comuiouly  (^all  chauce,  and  the  casual  diaoovery  ot  i 
new  localities  rich  iu  peculiar  fossils  may  moiliiy  or  entirely  Offff^ 
throw  all  our  prenous  generalizations,  so  long  as  they  afc  IihhI  ■■ 
the  supposed  non-existence  at  fonner  epochs  of  the  fonil  rvpraaat^      i 
tives  of  large  families  or  classes  of  plants  and  aninuls.  H 

When  we  coutrast  the  botany  and  toology  of  priauuy  and  w^ 
condary  strata  with  thoi<e  of  tertiar\'  formations,  it  is  i 
iiicunibeut  on  us  to  make  due  alluwauce  for  a  comparalmty  ( 
acquaintance  with  the  andeut  de|M>iiita,  which  are  more  i 
clusively  marine  iu  pro|>urtinti  as  we  dejiart  farther  (ran  Umiw  { 
during  which  our  existing  r<iutinenU  were  built  up.    They  are  I 
mariue,   not  because  the  ocean  waa  more  univenal 
but  hiTBuse,  when  we  curry  back  our  n-trosfiect  to  epucha  so  ( 
that  entire  continents  have  \tc\-u  since  snbmerge<i,  «c  are  Im 
ably  placed  for  exploring  strata  thrown  down  in  lakes  and 
or  near  the  shore.      In  studying  the  tertiary  stnta.  n  I 
remarked,  we  have  op(iortuuities  of  be««miug  more 
(|uaintcd  with  the  remains  of  the  flora  and  fauna  which 
in  a  great  variety  of  stattons,  and  braidea  in  thete  more  modcnt  i 
the  imbe<ltled  fosiuls  are  It-u  oblitrratiHl  by  the  dcettoyi^g  hawi  tt 
tune.     If  we  conceal  or  rxteuiuue  nurh  ctmimstaaeH  whoi  «v  i 
with  an  opponent  wlio  believes  that  the  primary  or 
was  as  highly  developed  as  the  tertiary,  we  take  i 
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of  him  ;  not  duly  conceding  how  much  the  chances  of  finding  exam- 
ples of  terrestrial  mammalia  are  on  our  side.  "We  throw  with 
loaded  dice,"  to  borrow  an  expression  of  Dr.  Fleming's,  in  a  contro- 
versy respecting  the  evidences  of  a  tropical  climate  at  more  ancient 
periods. 

Of  the  tertiary  mammalia,  the  oldest  yet  found,  perhaps,  are  those, 
of  the  lower  eocene,  occurring  in  the  London  clay  of  Sheppey  and 
the  sand  of  Kyaon,  near  Woodbridge.  Altliough  the  species  are  as 
yet  few  iu  number,  the  cjuadrumana  are  represented  by  the  Maeaeus 
Eoceiiw,  the  marsujiials  by  the  Didelpfiyg  Colcheisteri,  the  pachy- 
derms by  the  Ihjraeolheriam  cuniculua;  and  these  types  alone 
indicate  as  full  a  development  of  the  mammalia  as  that  exhibited  by 
the  middle  eocene  strata  of  Hordwell  clitf,  the  Isle  of  Wight,  and  the 
gypsum  of  Moutmartre,  near  Paris,  where  a  more  numerous  assem- 
blage of  species  has  been  found.  As  the  moUusca  of  the  upper  and 
lower  eocene  diflfer  considerably,  analogy  leads  us  to  expect  tbnt  the 
species  of  mammalia  of  these  two  periods  (the  lower  and  middle 
eocene)  will  differ  still  more  widely.  On  the  other  hand,  the 
fossil  quadrupeds  of  the  Limagne  d'Auvergne,  which  I  refer  to  an 
upper  eocene  group  (although  some  able  geologists  class  them  as 
lower  miocene),  present  another  fauna ;  and  a  fourth  set  of  mam- 
malia belong  to  the  era  of  the  Faluns  of  Touraine.  Since  the  falu- 
nian  epoch  the  pliocene  species  came  into  existence,  and  a  large  part 
of  these  also  havi-  in  their  turn  become  extinct,  giving  place  to  the 
mammalia  now  co-existing  with  man. 

If  we  desire  to  satisfy  ourselves  of  the  superior  faeiUties  we  enjoy 
in  studying  the  tertiary  as  compared  to  the  secondary  mammalia,  we 
have  only  to  reflect  on  one  advantage  which  a  collector  of  newer 
pliocene  fossils  enjoys  over  one  who  shall  confine  his  investigations 
to  eocene  or  miocene  remains.  In  Owen's  table  of  the  fossil 
mammals  of  the  British  Isles,  the  longest  list  of  species  is  that  de- 
rived from  cavern  deposits.  .^11  these  he  refers,  and  I  beUeve  cor- 
rectly, to  the  newer  pliocene  jteriod.  We  know  nothing  of  the  bones 
which  were  enclosed  in  the  stalagmite  of  caverns  in  the  older  pliocene 
or  miocene  or  eocene  eras  ;  and  the  same  remark  holds  good  in  all 
those  parts  of  France,  Bi-lgiuin,  and  Germany  which  I  have  visited, 
and  equally  so,  I  believe,  in  regard  to  the  caves  of  BrazU,  .\ustralia, 
and  New  Zealand,  from  which  the  bones  of  extinct  mammalia  and 
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birds  have  been  derived.     But  if  we  renuin  to  ignon 

bitants  of  caverus  in  all  the  tertiary  peiioda  except  1 

little    knowledge   can  we  expect   to    derive    from  a 

re«)>ectiug  the  terrestrial  fauna,  when  we  carry  back 

to  the  Wealden  or  Carboniferous  e|)och8 !    We  are  aa  well 

.that  land  and  rivers  then  existed,  as  that  they  exist  now  ;  bat  it  ii 

evident  that  even  a  shght  geographical   rerolution  or  tiaiia£eRD(» 

of  the  position  of  laud  and  sea  tends  rapidly  to  diminish  our 

of  learning  what  mollusca  or  mammalia  may  tlien  have 

the  land. 

Yet,  small  as  may  be  the  prog^rcM  hitherto  maxir  in 
the  records  of  the  tertiary  perimls,  we  seem  entitlrtl  to  ifedarr  tlM 
during  several  great  rcvolutiiiiis  in  the  mammalia,  fmbthtf 
than  five,  there  has  been  no  step  whatever  made  in  uHnoCK, 
ration  in  the  scale  of  being ;   so  tluit,  had  man  been  OMteil 
lower  eocene  era,  he  woidd  not  have  constituted  a  greater 
tion  on  the  stiue  of  the  animate  creation  previously  wtahKahi 
now,  when  we  In-lieve  him  to  have  begun  to  exist  at  tbe  dtwe  of  liv 
pliocene. 

Antecedently  to  investigation,  we  might  reasonably  hwrp 
that  the  vestiges  of  man  woiUd  have  been  traced  back  at 
as  those  modem  strata  in  wltich  all  the  tcatacea  and  a  certUB 
of  the  inaninialia  are  uf  exictiog  tpecks.  for  of  aU  tlia 
the  human  s)a-cics  is  the  most  coamopoUte,  and  perkapa 
than  any  other  of  surviving  considerable  viciantodea  in 
in  the  physical  geography  (if  the  globe.  How  fiv  the 
.\sia,  the  supposed  cradk*  of  our  race,  may  herraAer  aflisttl 
evidence  of  higher  autiijuity  tlian  can  be  deduced  (nrnt 
monuments,  we  have  yet  to  learn.  The  observations  rcoeatly  mad* 
by  Dr.  Abich  on  the  changes  of  level  going  on  In  the  CasfMBi :  tka 
periodical  uscilktiuus  of  level  in  that  sea,  due  princijkaUy  to  mkta^ 
raneau  movements ;  the  shiAiug  of  the  (lositiou  ot  it*  watca^  paitly 
by  the  eiicroMclimeiit  of  deltas  on  one  side  and  the  mafluwim^  of  tha 
laud  in  otlii-r  directionit;  (he  buildings nowseeu  under  WltarwhH 
are  abo^-e  the  sea-level,  and  yet,  like  the  temple  of  Seta^Aiw 
Imth  drilhsl  by  perforating  niolluxks,  l>ear  the  marka  of  ft 
mergenc*- — these  proofs  of  n-ccnt  changes,  couplcil  witk  tbe 
obtained  by   MM.  Murchison  and  Dr  Venieuil,  of  the  «n*t 
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of  a  marine  or  brackish-water  Aralo-Caspian  limestone  hundreds  of 
feet  above  the  level  of  the  Mediterranean,  may  encourage  ns  to  hope 
that  we  may  hereafter  be  able  to  find  a  geological  date  for  the  origin 
of  man,  less  vague  than  that  which  we  can  at  present  assign  to  the 
event.  But  so  far  as  our  interpretation  of  physical  movements  has 
yet  gone,  we  have  every  reason  to  infer  that  the  human  race  is 
extremely  modern,  even  when  compared  to  the  larger  number  of 
species  now  our  contemporaries  on  the  earth. 

In  lluviatile  depositji,  such  as  the  loess  of  the  Rhine  and  the  Mis- 
si8si))pi,  where  the  land  and  freshwater  sheila  are  of  living  species, 
we  find  no  human  bones  or  articles  faliricnted  by  man  ;  nor  in  the 
elevated  tufaceous  strata  near  Naples,  or  the  raised  beaches  of  Nor- 
way, or  the  brackish-water  strata  several  hundred  feet  high,  bound- 
ing the  Baltic,  nor  iu  the  stratified  glacial  drit\,  in  all  of  which  ma- 
rine shells  are  imbedded,  referable,  with  few  exceptions,  to  living 
species.  I  have  explained  my  reasons  for  not  assenting  to  the  alleged 
antiqmty  of  certain  human  bones,  supposed  to  have  been  as  ancient 
as  the  Mastodon  and  Megalonyx,  in  the  loess  near  Natchez  on  the 
Mississippi*.  Iu  cave  deposits  which  contain  the  bones  of  extinct 
quadrupeds,  mixed  with  the  remains  of  a  small  number  of  recent 
species  of  the  same  class,  no  human  skeletons  or  fabricated  articles 
have  been  found.  There  are,  indeed,  some  few  alleged  exceptions  to 
this  rate,  but  by  no  means  sufficiently  authenticated  to  prove  that 
man  coexisted  with  an  extinct  mammiferous  faima  ;  for  the  possi- 
biUty  of  human  remains  having  become  subsequently  mingled  with 
those  of  older  date,  whether  by  natural  caiises  or  by  burial  in  the  sta- 
lagmite and  alluvium  of  caverns,  must  be  taken  into  account.  In  South 
America  no  less  than  800  caves  were  explored  by  those  indefatigable 
naturalists,  Lund  and  Clausen,  and  they  obtained  the  bones  of  101 
species  of  mammalia  belonging  to  50  genera,  a  fauna  more  rich  and 
varied  than  that  now  inhabiting  the  same  country.  Among  all  these, 
only  one  species  of  quadruped  could  be  identified  with  the  recent. 
After  ransacking  so  many  hundred  caves  they  met  with  human  bones 
in  six  only,  and  in  one  of  these  alone  were  they  mixed  with  the  re- 
mains of  extinct  animals  in  such  a  manner  as  to  seem  to  imply  that 
they  had  belonged  to  the  same  epoch.  In  this  one  example,  the 
bones  are  said  to  have  been  in  the  same  state  or  condition  as  those 
*  See  my  Second  VUit  to  the  United  SUies,  vol.  ii.  p.  196. 
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of  the  extinct  quadrupeds,  the  human  skuU  being  refefsbic  to  1 
same  tj]>e  hs  that  of  the  American  Indian  of  Braxil.  BoC  ilflmiiih 
Buch  fossils  may  have  been  very  ancient,  historicallr  spnkui^  vv 
must  wait  for  additional  testimony  before  we  allow  this  naglefak- 
gtance  to  convince  us  that  the  human  race  coexisted  with  Uie  < 
Brazilian  and  Pampean  fauna,  in  which  case  it  miut  haw 
one  assemblage  of  mammalia  and  witnessrd  the  coming  in  of  I 
perfectly  distinct*.  Nor  can  we  reconcile  the  (acta  of  the  am 
with  the  hypothesis  that  man  was  the  exterminating  agnU  </  lfc» 
quadnipeds  which  have  disappeared.  Not  only  hare  tlir  Mrp^ 
therium,  Auchenia,  Masitodon,  and  other  hugr  qaadnipcda 
atnce  these  caves  were  tilled  with  fossil  bones,  but  ■rmsl  alao  tf  I 
contemporary  minute  creatures,  such  as  seven  speciea  of  bata 
thirty-two  of  Glires,  and  many  small  opoMums.  The  fire  ratiBet 
apes  moreover,  described  by  Lund,  v/rre  not  aiiauciated  with 
bones  of  the  living  species  of  apes  which  now  abouod  in  Bras3,  < 
in  the  extirpation  of  which  man  has  made  but  little  fngnm. 
Aj  all  the  vertebrate,  and  nearly  all  the  invrrtdital* 
fossils  belong  to  sjwcii-s  now  no  more,  we  could  nerer 
expect  the  remains  of  man  to  form  part  of  an  eocene  fiwna.  P>*> 
viously  to  experience,  the  utmost  that  amtlogy  mtitlnd  M  to  look 
for  in  rooks  of  such  high  antiquity  was  the  ouuuimu*  of  aao 
dominant  species,  different  from  the  human,  yet  hnhfiag  ■  ew> 
re.tponding  poxition  in  (he  then  living  creation.  Neither  th*  oanoM 
remains  nur  the  handiwork  of  such  a  being  liave  ever  been  dMMtidi 
and  as  I  before  stated,  although  tliere  have  bern,  aince  the 
eocene  ejKx>h,  so  many  complete  chongra  in  the  apeciea  of 
blooded  ipiadrupeds  inhabiting  the  land,  no  pragma  vhalcw 
Ik-cii  made  in  filling  up  the  chasm  which  now  iirp«ntai 
the  inferior  animals.  In  that  rich  fauna,  probably  of  miocvne  dale, 
brought  to  light  by  the  exertions  of  Dr.  Falconer  and  MMfOr  Owilhy, 
in  the  Sub-Himalayan  or  SewiUik  Hills,  there  are  many  inliiil  wft- 
ciea  of  elephantine  quadrupeds.  As  the  living  ladioB  elephaat  if 
more  intelligent  than  the  African  specie*,  it  may  pnwiMy  ■!»  he 
superior  to  all  the  extinct  proboacidianf  of  the  Sewilik  graop :  hoi 
if  so,  how  could  it  supply  even  one  of  thoa*  miang  Bnka  in  the 

*  For  an  >b>tn:t  ot  Laail'i  ditcovvriN,  Me  Archiac,  tlwi.  >k»  fngsia  4t  h 
Gia\.  torn.  il.  p.  385. 
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chain  of  successive  development  of  whieli  we  stand  in  uvcH  .'  For 
the  superiority  of  niaii,  as  compared  to  the  irrational  mammalia,  is 
one  of  kind  rather  than  of  degree,  consisting  in  n  rational  and  moral 
nature,  with  an  intellect  capable  of  indefinite  progression,  and  not  in 
the  perfection  nf  his  physical  organization,  or  those  instincts  in 
which  he  resembles  the  brutes. 

If,  therefore,  the  doctrine  of  successive  development  had  been 
palffiontologically  true,  as  I  have  endeavoured  in  this  discourse  to 
show  that  it  is  not ; — if  the  sponge,  the  cephalo])od,  the  fish,  the 
reptile,  the  bird,  and  the  manimifer,  had  followed  each  other  in  re- 
gidar  chronologicjd  order,  the  creation  of  each  of  those  (!lasses  being 
separated  from  the  other  by  vast  intervals  of  time;  and  if  it  were  clear 
that  man  had  been  created  later  by  at  least  one  entire  period — still 
I  should  have  hecTi  wholly  unable  to  recognize  in  his  entrance  upon 
the  earth  the  last  term  of  one  and  the  same  series  of  developments. 
Even  then,  the  creation  of  man  would  rather  seem  to  have  been  the 
beginning  nf  some  new  and  different  order  of  things. 

By  the  creation  of  a  species,  I  simply  mean  the  beginning  of  a 
new  series  of  organic  phenomena,  sueh  as  we  usually  understand 
by  the  term  '  species.'  Whether  siicli  commencements  be  brought 
about  by  the  direct  intervention  of  the  First  (^ause,  or  by  some  un- 
known Second  Cause  or  Law  njipoiiited  by  the  .A.uthor  of  Nature,  in 
a  point  upon  which  I  will  not  venture  to  offer  a  conjecture.  That 
some  of  these  species  or  series  of  vital  phenomena  occasionally  come 
to  an  abrupt  termination  in  our  own  times,  as  they  have  done  in 
every  preceding  geological  epoch,  is  no  longer  disputed,  and  the  ar- 
guments of  those  who  imagine  that  new  creations  entirely  ceased 
from  the  moment  that  man  was  introduced  into  the  globe  (the  de- 
stroying agencies  continuing  in  full  activity  while  the  renovating 
power  was  suspended),  appear  tome  inconclusive  and  [jremature.  It 
would  be  presumptuous  to  assume  that  the  presence  of  the  human 
race  upon  the  land  could  affect,  still  less  utterly  change,  tliose  laws 
which  have  governed  the  organic  world  in  the  ocean  for  millions  of 
years  ;  and  if  we  enlarge  our  ideas  respecting  the  antiquity  of  man, 
and  concede  those  ten  thousand  or  even  twenty  thnusAud  years 
which  some  ethnologists  demand  in  order  to  account  for  the  early 
civilization  of  imtiuns  mid  (he  origin  of  their  languages,  we  must 
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hesitate  before  we  affinn  that  such  a  period  ha»  bctn  < 
lion  or  diniioished  fluctnatiou  in  the  animate  world. 

The  ideatity  of  the  fauna  and  flora  of  Elniiiand  and 
of  Europe  requires  us  to  assign  a  very  distant  date  to  tlw 
when  the  existing  species  of  animals  and  plants  lir|tm  la  i 
tlieinsclvea  over  the  lauds  we  now  inhabit.  At  the  period  ti 
migrations  this  island  was  still  united  with  the  roottoent,  b«K  I 
number  of  the  existing  8]>ecies  of  nioUnseii  and 
marine  aninuds  can  claim  a  much  liigher  antiquity  ;  ao  : 
they  were  already  created  during  the  drift  or  glacial  i 
physical  geography  of  Europe  bore  no  resemblance 
establiUied.  If  therefore  ten  or  twenty  thousand  ynn 
to  the  chrunulogy  of  the  human  period,  it  would  ttill 
mere  fraction  uf  that  vast  geological  division  of  timr  dti 
the  sj)ecies  now  our  contenipornries  have  b«fn  coming  in 
But  how  small  is  the  progress  yet  made  bj  ua  in 
order  iu  which  the  mnmninlia  now  living  were crratwl ! 
are  so  ancient  as  l/i  hiivec<ic\iiitcd  with  a  faunaof  wliirb  laaulv  I 
apedea  have  died  out,  while  others  may  be  coevm]  in  their  ori^ 
man,  and  a  few  perhaps  are  of  more  receut  creation.  Mm  k 
has  been  multiplying  on  tike  earth  since  he  entered  itpoo 
Urging  the  range  of  many  animak,  both  iulentiuuallr 
his  will.  These  species  occupy,  together  with  tlir  human  ] 
the  places  left  vacant  by  such  as  arc  cxterniiiiAtrd  from  i 
M'hether  the  amount  of  change  in  tlione  ten  or  twrotj  Ika 
yeara  which  immediately  precrdetl  our  own  time*  haa  bmii 
or  Ie«a  tlian  the  average  mutation  during  n|tial  pcrioda  of  At 
from  the  Silurian  to  the  I'lirMX-ne  era,  is  a  |iuint  im  «hk^  j 
present  infancy  of  the  science,  it  would  be  idle  to  apeculatr.  O 
however,  we  may  feci  aHsureil,  tliat  the  greater  tlir  identitr  | 
system  of  terrestrial  ehnuge>,  present  and  future,  orgaaic  i 
ganic,  with  that  which  has  prevailed  thmugbout  part  tiaa«^ 
faithfully  shall  we  be  able  to  inteqiret  the  recnnia  of 
arc  written  on  the  framework  of  the  globe. 

In  the  first  publication  of  the  llutionian  theory,  it  was  dr 
that  we  can  neither  see  the  beginning  nor  the  rnd  ot  that  vaat 
of  phenomena  wltich  it  is  oitr  buaiarsa  as  gmlmiala  to  onvri 
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After  sixty  years  of  ruiu'wed  iuquiry,  and  after  we  have  grejilly 
enlarged  the  sphere  of  our  knowledge,  the  snTue  conclusion  seems  to 
Bie  to  hold  true.  But  if  any  one  shoidd  appeal  to  such  results  iu 
support  of  the  doctrine  of  an  eternal  succession,  I  may  reply  that 
the  e\ndence  has  become  more  and  more  decisive  in  favour  of  the 
recent  origin  of  our  own  species.  The  intellect  of  man  and  his 
spiritual  and  moral  nature  are  the  highest  works  of  creative  power 
known  to  us  in  the  universe,  and  to  have  traced  out  the  date  of 
their  eonimencemcut  in  j)ast  time,  to  have  succeeded  in  referring  so 
memorable  an  event  to  one  out  of  a  long  succession  of  periods,  each 
of  enormous  duration,  is  perhaps  a  more  wonderful  achievement  of 
Science,  than  it  would  be  to  have  simply  discovered  the  dawn  of 
vegetable  or  animal  life,  or  the  precise  time  when  out  of  chaos,  or  out 
of  nothing,  a  globe  of  inanimate  matter  was  first  formed. 


Note. — Lower  Silurian  Reptile. — I  have  not  alluded  in  this 
Address  to  the  recent  discovery  of  the  track  of  a  quadruped  im- 
printed on  a  Lower  Silurian  sandstone  in  North  America.  \Ve  are 
indebted  to  Mr.  Logan,  now  at  the  head  of  the  Government  Survey 
iu  Canada,  for  having  carefully  determined  the  position  of  the  rock 
containing  it.  The  locaUty  is  the  village  of  Benuharuois,  on  the 
south  side  of  the  St.  Lawrence,  twenty  miles  above  Montreal,  The 
rock,  a  fine-grained  whitish  sandstone,  i|uarried  for  building,  be- 
longs to  the  group  called  the  Potsdam  sandstoue  by  the  New  York 
Surveyors,  and  lies  at  the  base  of  the  whole  fiMsiliferous  series  of 
North  America.  The  markings  were  first  pointed  out  to  Mr.  Logan 
by  Mr.  Abraham,  editor  of  the  ^Montreal  Gazette,  who  appreciated 
their  geological  importance.  Assuming  the  Chelonian  origin  of  these 
foot-prints,  they  constitate  the  earliest  indication  of  reptile-Ufe  yet 
known,  and  are  not  only  anterior  to  the  most  ancient  memorials 
of  fish  hitherto  detected,  but  agree  in  date  with  the  first  known  signs 
of  well-defined  organic  bodies,  such  aa  Lingulse,  met  with  in  the 
same  rock.  Professor  Owen,  of  the  College  of  Surgeons,  has  exa- 
mined a  slab  of  the  sandstone,  on  the  upper  surface  of  which  the 
foot-prints  are  impressed,  together  with  a  plaster  cast  of  the  remainder 
of  the  continuous  trail,  in  all  1 2^  feet  long,  brought  to  London  by 
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itorinu  Professor  biM  had  Uk 
communicate  to  me  the  fblluwing  description  : — 

"  The  impressions  are  more  nnraeroua  in  regular  i 
any  that  have  hcen  previously  discovered ;  »o  that  the  eriikaee  id 
their  }iaving  been  made  by  successive  steps,  nifordej  by  tlm  tan-, 
ression  of  corresponding  prints  at  regidar  intervals,  tn  tbc 
we  possess.  They  are  in  pairs,  and  the  pairs  extern)  in  two  { 
linear  series  with  a  groove  midway  Ijotwccn  the  two 
outer  impression  of  each  pair  U  the  largcut,  and  it  is  •  litt]« 
the  inner  one.  Both  arc  short  and  broftd,  with  feeUr  in 
divisions  at  their  fore  part.  They  succeed  each  otbrr  at 
much  shorter  than  that  between  the  ri^ht  and  the  left  pair. 

"  Tlte  median  groove  is  well-defined  and  slopes  down  mar 
at  its  sides  than  towards  the  bottom,  at  »ome  |iarts  of  the  trark.  I 
conclude  from  these  characters  that  the  animal  which  left  Use  back 
was  a  C|uadrui)ed,  with  the  hind-feet  larger  and  wider  apswt  tha*  llir 
fore-feet ;  with  both  hind-  and  forr-feet  very  short,  or  iaipMitd  ly 
some  other  part  of  the  animal's  stnictorw  from  TiVfny  aaj  lal 
short  steps  ;  that  the  fore  anil  hind  limbs  wcra  Mar  each  oilwr,  krt 
that  the  limbs  of  the  right  and  those  of  the  left  side  \ 
consequently,  that  the  animal  ha<l  a  short  hut  broatl  inmk.) 
on  limbs  either  short  or  capable  only  of  short  *te|M :  and , 
f«et  were  rounded  and  stumpy,  without  long  claws. 

"  As  to  the  median  impression,  that  may  be  ilue  either  to  1 
heavy  tail,  or  to  the  under  surface  of  the  tmnk.  dragged  i 
grnimd.     Tlie  shajic  of  the  Ijody  and  the  nature  of  the  I 
cated  by  the  above-described  characters  of  the  Hepa.   amed  be* 
with   those  of  the   land   or   freshwater  tortoises,  and    the 
groove  might  have  been  scooped  out  by  tlie  bard  sur&ce  at  < 
minent  plastron. 

"Tlie  dispro|>ortion  in  the  size  of  thr  forr-  and  bind-^ 
as  we  find  in  some  existing  Tcrmpenen,  e.  g.  the  £wyaj 

R.  OwKN— te//er  to  Sir  C.  LyfU.  MarrA  \»tA 
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GEOLOGICAL  MEMOIRS. 


Oh  Arsenious  Acid,  Realgar,  an</ Orpiment. 
By  Prof.  Hausmann. 

[Kiret.  unci  Dech.  Archiv  fur  Mineral,  u.s.w.,  1850,  vol.  iiiii.  p.  766.] 

Arsenious  acid  is  known  to  occur  b  two  forms,  crvstallliie  and 
amorphous.  These  two  isomeric  states  are  distinguishable  not  only 
by  outward  appearance  and  pliysical  cliaraeters,  but  also  by  a  different 
chemical  constitution,  evidenced  hy  their  different  solubility  in  water. 
The  amorphous  arsenious  acid  when  recent  is  a  glassy  substance,  cha- 
racterized by  conehuidal  fracture,  vitreous  lustre,  and  transparency  : 
the  differences  of  hardness  and  specific  gravity,  usually  observed 
between  the  crystalline  and  amorpnoiis  varieties  of  a  substance,  are 
perceptible  in  the  two  forms  of  arsenious  acid.  Karsten,  who  has 
made  such  exact  experiments  on  the  specific  gravity  of  so  many  simple 
bodies  and  their  combinations,  has  fixed  the  specific  gravity  of  arse- 
nious acid,  procured  by  sublimation,  at  3*  7026,  whilst  he  found  that 
of  the  acid,  procured  by  digesting  arsenic  in  nitric  acid  and  washing  it 
out  with  water,  to  be  3'720"2.  The  difference  is  stiil  greater  in  hard- 
ness ;  fiujce  the  hardness  of  the  amorphous  acid  is  equal  to  or  even 
suqiasses  that  of  calc  spar,  whilst  that  of  the  crystals  is  scarcely 
greater  than  that  of  gypsum,  and  in  some  varieties  is  even  interme- 
diate between  gypsum  and  common  salt. 

Arsenioud  acid  is  sometimes  found  native.  It  has  frequently  been 
confounded  with  phamiacolite,  which  it  strongly  resembles ;  and 
although  in  later  mineralogical  works  it  has  been  separated  frtun  that 
substance  under  the  name  of  Arsenik-bliithe,  yet  other  inL^takes  have 
crept  in,  from  not  distinguishing  between  the  amorphous  and  cry- 
stalline forms.  To  this  is  to  be  attributed  the  contradictorj'  statements 
of  the  hardness  and  specific  gra\'ity  which  occur  in  the  latest  works 
on  mineralogv.  Kobell,  in  his  'Principles  of  Mineralogy '  in  1838, 
puts  the  hardness  of  arsenious  acid  at  3'5,  which  accords  with  the 
greatest  hardness  of  the  amorphous  acid.  The  newest  edition  of  the 
physiographic  dirision  of  Mohs's  '  Principles  of  the  Natural  History 
of  tl>e  Aliiieral  Kingdom,'  by  Zippe  in  1 839,  gives  the  specific  gravity 
3"698,  as  determined  by  Roger  and  Uumas,  wliich  refers  to  the  trans- 
parent arsenikglas ;  whilst  the  hardness,  which  is  called  1  -a,  belongs 
to  the  softer  varieties  of  the  crystallized  acid.  In  some  works  the 
numbers  are  in  excess.    Breithaupt  in  his  '  Uand-liook  of  Mineralogy' 
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for  1841,  puts  the  hardness  at  from  3  to  4,  which  agrc««  wilh  S'J 
of  Mohs,  and  vthich  exceeds  not  only  the  hardest  varietita  of  tbi  i 
stallLzed  but  also  of  the  amorphous  acid.  The  specific  giatkr  | ' 
in  the  same  work  belongs  only  to  the  latter.  Fnchs  iama  'fia 
History  of  the  Mineral  Kingdom'  for  1842,  compara  the  ! 
of  nrseuiotis  acid  to  that  of  calc-snar,  which  is  true  of  the  •nraikfWk 
but  is  never  reached  by  the  crystallized  acid,  llaidiugcr  in  hia  '  Hipd 
book  of  Mineralogy''  for  1845,  gives  To  for  the  hardaM%  wmi 
3'6 — 3'8  as  the  limits  of  the  specitic  gravity,  within  wbieh  boikt^ 
rieties  fall.  I  have  to  acknowledge  that  in  the  new  fxiitioa  tt  WH 
*  Mineralogy,'  in  describing  arseuik-blfithe  I  nrglrrtrd  to  DOtlM  ^H 
distinction  between  the  auioqihous  and  the  crystalline  fbnns. 

Most  of  the  varieties  of  arsenik-bluthe,  which  in  nature  ia  vndk 
found  as  a  secondary  product  in  veins  containing  araenie  and  wrmmtm 
salts,  belong  to  the  crystallized  forro  ;  for  althougli  peWrcC  aadl  fm» 
crystals  are  very  seldom  met  with,  yet  the  crystaltine  form  bht  he 
more  or  less  distinctly  observed  in  the  foliated,  •cioilv.  or  aaifevt 
structure.  Only  the  pidveruleut  variety,  found  in  tb«  Kauaai 
Neufang  Mine  at  St.  Andreasbere,  and  possibly  some  elwlM  lilh  «» 
rieties  found  elsewhere,  can  be  looked  on  as  amorphotu.  Tlu>  \ 
under  the  name  of  arsenikglas  must  be  separated  in 
arsenik-bliithe  as  a  distinct  species ;  and  upon  the  i 
which  opal  is  separated  from  quartz.  Greater  hardacM  i 
solubility  in  water  give  arseiiikgbis  distinct  chuaetm^  indepcodaal  if 
the  want  of  cry>talline  form. 

Besides  the  ])roducts  containing  arsenious  acid  which  are 
designedly  by  nietallurgic  processes,  this  substance  ia 
cidentally  formed  iu  the  furnaces,  both  amoqihoaa  and 
More  or  less  perfect  crv-stals  arc  formed  not  mifreqaenUr  ia 
arsenical  ores,  and  as  products  of  the  furnace,  as  is  thr  caa*  ■!  tta 
furnaces  at  Ucker,  near  (ioslar,  and  at  St.  Andreaabcnr.  OrjraMbaR 
sometimes  formed  in  the  walls  of  the  furnace*  in  whien  aswaical  ■• 
have  been  smelted,  or  such  as  accidentally  contain  anenic  I  poaaa 
8i>ecimens  from  the  silver  fumac<'s  of  St.  ;\ndrra»berg  and  (mm  tkr 
copper  furnaces  of  Reichelsdorf,  in  which  latter  Um  anaoiooa  mak  k 
found  in  the  upjK-r  part  of  the  '  schiefrr^ofen'  rrm  in  the 
state.  In  roasting  the  fumace-pnulucts  coutaiutng 
times  arsenikglas  is  obtiuned  in  the  funn  of  iucnutatioaia  < 
tites. 

The  most  remarkable  property  of  araeuious  acid 
tliis,  that  as  an  amorphous  body,  without  any  aiimixtare^  i 
losing  its  soUd  state,  it  experiences  a  change  which  maki>  it  i 
a  totally  different  aspect.  It  luis  long  brea  known 
that  the  transparent  arsenikglas  gradually  becooaaa  opidU'.  oiatflil  it^ 
sembles  [wrcetain.  The  su^tancc  at  tint  colonHcaa  baeaaMa  alali. 
the  transparency  disappears,  and  it  becomrs  comphtafy  opnkr .  iW 
beautiful  vitreous  lustre  becomes  feebler  and  ■ppraadiaa  tha  wasr. 
AccoriUng  to  the  experiments  of  Taylor  and  of  UuilHiBt,  tfaa  ipcaii 
gravity  at  the  same  time  diniinisheis.  The  former  ftnd  that  «f  Aa 
transparent  acid  3798,  and  of  the  opake  3-529.    The 
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the  specific  gravity  of  the  transparent  3"7385,  and  the  opake  3'695. 
The  Imrdness  abo  is  subject  to  cliange,  the  gloss  sometimes  becoming 
jmlviTulciit,  so  that  its  fracture  is  earthy  and  the  lustre  quite  gone. 

Fuchs  in  his  beautiful  work  on  Amorphism  has  thrown  out  the  con- 
jecture that  the  glassy  arseuious  acid  loses  its  transparency  by  virtue 
of  a  gnidual  change  into  a  crjstalhne  mass.  Again,  in  his  '  Natural 
History  of  the  Mineral  Kingdom,'  he  asserts  it  distinctly  ;  for  he  says 
that  the  amorjihousarsenious  aciil  in  time  becomes  v\hite,  opake,  aud 
porcfUancms,  and  also  becomes  pulverulent,  so  that  it  can  scarcely  be 
recogimed  as  cryslailine.  lu  order  to  ascertain  whether  the  cry- 
etalhue  structure  could  be  detected  in  the  altered  arsenikgliis,  I  have 
exaniiiied  tlie  crumbling  outer  crust  under  n  niagnifyiug  jiower  of  400, 
but  could  not  perceive  any  trace  of  it,  Tliongh  this  experiment 
seems  opposed  to  this  view,  yet  I  have  been  lately  satisfied  of  its 
truth  iu  the  most  convincing  manner.  In  the  year  IHiJ.i,  I  received 
from  the  silver  furnaces  of  St.  Andreasberg,  through  the  kindness  of 
the  director  Herr  Seidenstickcr,  (to  whose  management  the  arsenic 
works  there  owe  their  excellence,)  a  specimen  of  the  arsenikglas  ma- 
nufactured there,  about  two  cubic  inches  in  size,  which  he  had  broken 
off  with  his  owu  hands  immediately  on  opening  the  still  warm  appa- 
ratus, and  had  caused  to  be  instantly  packed  up  t!iat  it  might  arriie  as 
little  injured  as  possible.  Tlie  specimen,  ns  I  received  it,  had  a  distinct 
conrhoidal  fracture,  without  a  trace  of  crystallization  ;  it  was  trans- 
parent and  colourless,  and  altogether  of  a  glassy  apjicarance.  I  laid 
it  by  in  a  drawer  of  my  miiiernlogical  collection,  in  a  dry  situation 
close  to  my  dwelling-room.  A  long  time  passed  before  I  had  leisure 
to  lay  my  hands  on  it  again  ;  when  I  did  so  some  years  after,  its  ap- 

Cearaiice  was  surprisingly  changed.  Not  only  was  the  principal  mass 
ecome  porceUanous,  but  also  on  the  opposite  sides  the  parts  uext 
the  surface  had  lost  their  clean  cmu'hoidal  fracture,  and  to  a  depth 
of  two  lines  had  adopted  an  aeicular  structure,  83  that  the  surface 
seemed  rough  and  cracked.  This  change  excited  my  suriirisc,  which 
was  greatly  increased  when  at  the  end  of  a  few  weeks  I  found  that 
not  only  liad  this  acii'ular  structure  proceeded  further,  aud  reached  a 
depth  of  four  French  lines  hi  some  places,  but  also  that  the  exposed 
sitfe  of  the  aeicular  nuisses  were  studded  with  u  great  nund>er  of  di- 
stinct octohednil  crystals  (!)  ;  some  of  these  crystals  were  half  a  French 
line  in  diameter.  They  were  collected  in  small  dusters,  so  as  to  give 
the  whole  surface  a  drusy,  inttuncscent  ap])CBrance.  The  acicular- 
shaped  ]iarts  of  the  crust  which  were  at  riglit  angles  to  the  surface 
passed  insensibly  into  crystals,  the  groujis  of  which  seemed,  as  it 
were,  to  be  [lushed  out  beyond  the  surtaee.  The  crystals  were  white 
like  the  rest  of  the  nia<s,  but  more  lustrous  and  more  translucent. 

Such  a  transformation  of  arsenikglas  into  a  mass  of  well-formed 
crystals  is  a  most  remarkable  instance  of  molecular  change  u)  a  rigid 
body,  and  is  the  more  .striking,  since  apparently  it  is  not  caused  by 
any  exterior  circumstance,  uor  is  attended  by  any  change  of  constitu- 
tion. It  would  seem  that  the  molecules  are  put  in  motion  by  a  ten- 
dency of  the  amorphous  mass  to  pass  from  the  condition  of  tension 
to  that  of  repose  and  equilibrium,  which  is  the  characteristic  condition 

b2 


GEOLOGICAL  M 


of  crystallization.     Tliis  remarkable  chanfte  al«o  ^ 
can  accomplish  in  time  what  she  cannot  effect  in  «  shorter 
truth  (leser>-ing  to  be  remembered  in  ail  phjsickl  inquiries^  and  ( 
ciiilly  in  geology. 

Some  years  after  I  received  from  the  gilver-mine*  of  St. 
berg  a  piece  of  arseuikglas  recently  formed,  wliicb  I  placed  in  mj 
collection  near  the  specimen  before  described.  It  lta«  wiia  !■■ 
acquired  a  porcellanous  appearance,  but  lias  ptwtntd  a  pofinly 
Bmooth  surface.  I  broke  it  across  in  order  to  aaccrtaan  th«  i 
of  the  interior.  The  inside  is  still  perfectly  glaMj,  the 
being  changed.  It  is  also  to  be  observed  that  the 
without  inwards  has  proceeded  ver>-  differently  in 
On  one  part  of  the  surface  the  thickness  of  the  tuidMRigad 
scarcely  ai)prcciable ;  while  in  other  parts  the  porcrllanoa  n 
which  the  large-conchoidal  fracture  is  changed  into  iinrven,  i 
choidal)  is  two  lines  thick,  with  its  interior  limit  ill-i " 
this  it  seems  to  follow,  that  in  very  similar  massea  of  anaukfjb^  tkflt 
are  certain  differences  of  aggregation,  which  causr  them  to  ( 
their  progress  towards  becomiug  opakc.  On  this  it  raaj  ( 
well  as  on  other  determining  causes,  that  genrrallj  tho  mmmat  af 
change  is  uidependcnt  of  the  length  of  time  ciapsrd.  For  it  is  | 
that  arseuikglas  might  be  kept  a  longer  time  titan  thr  pkc*  I 
described  without  exhibiting  so  remarkable  a  change. 
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These  observations  on  arsenicnis  acid  induced  me  to 
quines  in  order  to  iniderstand  better  the  rehttiou  uf  1 1 1  ■IbBmiI 
phuret  of  arsenic  to  the  amor])houa  ghuu  consist ii^  o^ 
arsenic.    The  native  realgar  has  the  property  of  not 
but  to  crystallize  in  cooUng.     I  ex|)oi»ed  sonie  c\> 
Tajowa  in  Hungary  to  a  melting  heat,  over  as).  in 

spoon.      It  melted  readily  and  contracted  suddi-iily  m 
formed  small  separate  drnvy  masses  stndili-d  with 
melted  in  a  glass  tube  it  fonns  deep  cournvities  i  ; 
face  iumiediately  in  contact  with  (he  glo^s  has  a  i 
fibres  behig  perpendic-ulnr  to  the  exterior  surfart' 
■pace  is  fumL-ilied  with  small  crystals, 
system  is  more  or  less  clearly  expressed. 

in  a  closed  tube  at  a  melting  heat  for  four  hnnr*.  in  order  la  tm 
whether  the  crvHtalliue  condition  would  not  be  changed  iulo&vilMia 
one  by  contioutxl  fiision  ;  but  a.^  beiore,  small  whitr  i  ij  iiih  wm 
fomunl  in  cooling.  The  slower  the  cnoling  pmce.u  wna,  thr 
distinct  and  larger  were  the  crystals;  but  even  n  -■"'  ' 
throwing  the  melltnl  mass  into  water  does  not  ■!' 
action.  These  eun.«i<lcratioiis  caused  Wohler  to  ju'icnu 
realgar  by  melting  together  1  ei|uitaleut  of  arsenic  ami  2  at 
which  proved  as  crystalline  as  the  roaasM  prodoetd  bjr 
realgar. 

I  received  from  Herr  Seidensticker  a  eomixiuml  ot 
arsenic  produced  by  sublimation,  whirh  in  colintr,  tha 
powder,  and  in  fracture  reseinbUrs  native  realgar.     In  its 


•  uctal«;tfe 
«hiie  thr  iaw 
in  which  the  klim^^hsMlir 
I  kept  a  portkm  of  i 
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cavities  there  are  crystals,  but  these  appear  under  the  ]ens  to  be  regular 
octohedral  crystals  of  arsenious  acid  coloured  by  aulphuret  of  arsenic. 
Tills  product  wheu  fused  in  the  glass  tube  neither  becomes  crystallized 
nor  vitreous,  the  fracture  is  imperfectly  conehoidal,  or  uneven,  with 
a  slightly  waxy  lustre.  The  mass  contracts  and  cracks,  but  shows  no 
sign  of  crystallizing.  On  the  concave  surface  small  white  brilliant 
crystals  of  arsenious  acid  show  themselves. 

The  red  arsenikglas  of  commerce,  which  also  passes  by  the  name 
of  realgar,  shows  by  its  colours  that  the  proportion  of  its  arsenic  to 
the  sulphur  is  small,  as  must  necessarily  be  the  case  from  the  mode 
of  preparation.  It  has  a  very  perfect,  large-conchoidal  fracture,  a 
vitreous  lustre  sometimes  approacliiiig  the  wnxy,  and  is  only  transpa- 
rent at  the  edges.  Its  specific  gravity  is  always  less  than  that  of 
native  realgar.  The  latter  as  determined  by  Karsteu  is  3'54-l-l,  whilst 
the  former,  according  to  experiments  of  my  own  made  with  ilistilled 
water  at  a  temperature  of  1  '1°  II.,  ranges  between  .'V20  and  3'3lI  ;  that 
of  a  specimen  from  the  silver-nimes  of  St.  Audreasbcrg  being  3'318  ; 
a  dark  red  specimen  purchased  here  being  3"258  ;  and  one  of  a  beau- 
tiful bright  red  colour  from  Ehrenfriedersdorf  being  3" 254.  The 
hardness  of  the  urscnikglas  on  the  other  hand  is  niuch  greater  than 
that  of  native  realgar,  that  of  the  former  being  erpial  to  cale-spar, 
while  t lie  latter  only  reaches  1'.").  The  red  arsenikglas  when  fused 
still  retains  its  vitreous  character,  and  even  when  very  slowly  cooled 
shows  no  trace  of  crystallization.  The  Imver  specific  gravity  seems 
to  indicate  that  wheu  j>roduccd  in  large  quantities  it  has  usually  a 
greater  |)roportiou  of  8ul|)luir  than  native  realgar.  This  is  confirmed 
by  the  fact,  that  hy  fusing  native  realgar  with  orpiment  (Rauschgelh) 
a  substance  is  produced  closely  resembling  the  red  arsenikglas  of  com- 
merce. A  large  addition  of  orpiment  to  the  arsenikglas  while  in 
fusion  destroys  the  tendency  to  crystallize.  Moreover  the  mode  of 
preparing  the  red  arsenikglas  justifies  a  belief  that  a  smaller  propor- 
tion of  arseuious  acid  is  present.  At  all  events,  the  red  arsenikglas 
cannot  he  looked  on  as  identicid  with  the  crystalline  realgar  composed 
of  definite  proportions ;  atid  the  assertion  that  realgar  is  a  vitreous 
substance,  which  occurs  in  modern  manuals  of  Chemistry,  must  in 
futiu-e  he  rectified. 

Orpiment  or  Hauschgelb,  which  is  so  well  marked  a  crystalUne 
substance  by  its  very  j)erfcet  foliated  cleavage,  cUfTers  strikuigly  from 
realgar,  with  which  it  often  occurs  mixed  in  nature,  in  this  respect, 
that  wheu  fused  it  passes  into  an  amorphous  mass.  The  glass  thus 
produced  has  not  its  original  yellow  colomv  but  is  more  or  less  bright 
red.  Karsteu  has  already  remarked  that  the  change  of  colour  may 
arise  from  a  change  in  its  Aexibility.  If  the  fusion  is  carried  on  in 
close  vessels,  the  residt  is  a  semi-transparent  glass  of  a  ruby  or  hya- 
cinth-red colour,  differing  from  arsciiikglas  both  in  greater  transpa- 
rency and  in  the  deeper  yellow  of  its  powder.  When  melted  in  a 
glass  tube  it  shows  with  transmitted  light  a  beautiful  ruby  colour, 
and  has  a  phosidioresceiit  a]ipearance,  which  is  also  observed  in  the 
fusion  of  realgar  and  red  arsenikglas.  Ilerr  W'ohler  had  the  good- 
ness to  send  me  from  the  laboratory  of  the  Academy  some  orpiment 
prepared  there,  which  was  perfectly  ntreou.s,  semi-transparent,  of  a 
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hyoclutb-red,  and  which  when  6uely  pouuded  yielded  a  citroa-j 
]>owder.  I  found  its  specific  enivitT  at  a  tempcratntY  of  di 
water  of  15°  R.  by  one  expennient  to  be  2'/62,  and  by  ai 
2'76l,  while  the  specific  ^javity  of  native  foliated  ItAosdicelbi 
ing  to  Karsten  is  3'ia9.  The  hardness  is  tliat  of  eue-apw,  3*. 
while  that  of  the  foliated  Rauschgelb  in  I'o.  Thu«  orpfancnt  up 
penrs  not  only  by  its  elenu-ntan'  pro|>ortions  to  be  rcl«Ud  to  ancnM* 
acid,  but  also  is  analogous  to  it  in  being  able  to  *««««im'  Um  iij<iI 
Hne  as  well  as  the  amorphous  state  ;  and  that  in  Uiia  Itttar  ittll  it 
is  less  dense  but  liardor  thau  in  the  crystalline.  OrpinoBI  ntBi 
never  to  occur  in  nature  in  any  but  the  crystalline  state. 

.\rseniaus  acid  takes  up  sulphiiret  of  arsenic,  wlietbrr  VMtanhttm 
or  cr)°stalline,  hi  indefinite  proportions,  and  thereby  aniitirc*  Jilui^ 
shades  of  red  or  yellow.  This  compound,  which  is  to  be  looked  i* 
as  a  mere  mixture,  can  be  seen  in  the  crystals  of  ancnioua  acid,  vkorib 
are  produced  by  roasting  arsenical  ores ;  as  I  haTc  renarkcd  at  tkt 
Ockerhiitte  in  the  Lower  TIarz,  and  at  the  silver  furiMrrs  of  St.  A»- 
dreasberg.  The  arsenikglas  produced  at  Reicbrnstrtn  in  liliwa.  b 
always  made  im]>iire  by  some  sulphuret  of  antcnir,  in  uwiamwiiin  tt 
magnetic  or  iron  ])yrites  being  mixed  with  arsenical  pyrites  ia  tkat  1^ 
cality ;  and  conset{uently  it  is  always  more  or  loM  eokMttcd  iiliw 
Ilowever,  it  passes  in  the  trade  for  the  white  glaM,  and  fat  &ct  ba> 
comes  white  as  it  loses  its  transparency,  as  Ilerr  fffiikBalkhi  bat 
observed.  A  yellow  arsenikglas  is  made  purpo««lr  lor  eoMHMfcr* 
by  subliming  powdered  arsenic  with  a  little  sulphur.  Thtt  mimtal, 
described  by  nief  under  the  name  of  ]»owdery  sulpbunC  ol  Bfmiii 
(schlaekigcr  Rauschgelb),  which  occurs  in  the  upfwr  pvtBof  tkc  E>- 
tharina  Xeufiuig  mine  at  St.  Andrrasborg,  as  a  st-ci>n<Unr  pntdactiak 
has  by  later  observations  been  proved  to  lie  a  similar  rnniKnatiiw  «l 
arseniouB  acid  with  arsenical  pyrites,  and  must  th«re(brv  in  fatart  hi 
placed  with  arsenikglas.  I  have  since  met  with  a  Mmikr  p«v4Hl 
formed  from  roasting  the  ores  at  the  St.  AnditMltrri;  lilrtt-^mm. 

[J.  C-  IL] 

TAe    QlTADF.RSANDirrKIN-     or    (!||(I.K-FoRMATION 

(Das  Qwadersandsteingebirge  o<lcr  Kreidrp-birgr  in 

By    IIann«    Bruno    Gkinit-/.      Fn-ibcrg,    lHt9-I840. 

pp.  292,  with  12  lithographic  plates. 

The  first  of  the  two  sections  into  which  tliis  work  is 
of  the  strntigraphical  conditioas  of  the  Crt-taceoosori 
formation  in  (ierniany.    On  account  of  the  abaaice  of  tile  I 
'  throughout  Germany," — or  its  presence  only  as  a 
ber  of  the  group  of  murlv  and  calcareous  rocka^  acpatatinc  the  Cmv 

and  the  Lower  Quadersandstein, — ll tliiir  [uiMMklB  tLuU  the  IBS 

Chalk-formation  [Krcidegebirge]  should,  as  fur  ai  fliii— m  h  i— 
cemed,  wholly  give  place  to  that  of  Free-atuae-fonnaliaa  fQaaAv- 
sandsteingebirge,  or  rather  Quadergvbirge  (p.  tiKl)].     Tlua  ia  d»> 
■rribed  as  comprising  in  general  all  the  seriM  of  an  imwtw.  Mari^ 

•  Kuiteo'i  Syrt.  of  Mrtalliiii^,  tr.  •.  471. 

t  Nonict.  Bntrag*  lur  Brrf  an<t  liutlenkiaHir,  iv.  t.  M. 
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Quader- 
mergel." 


aud  calcareoua  rocks  youuger  than  the  Oolitic  or  Jurassic  and  Weal- 
den  formations,  aud  older  tliau  the  Molasse,  Tertiary,  or  Brown-coal 
formations. 

All  the  marly  beds  interstratified  in  the  Quadersandstein  are  here 
tenned  Quadermergel,  wliilst  Greensand,  Chalk-fags  [Pldnerkalk], 
Marl-/agg  [Pldnermergel],  Sandgtone-Jfagnl^Pldnertandateiii],  varie- 
gated Marl  [Flamiiieniiiergel],  Chalk  Marl,  Chalk,  and  other  familiar 
local  terms,  have  ri-fereiice  only  to  the  local  condition  of  the  strata, 
which  although  sometimes  resembling  one  another,  as  the  Upper  and 
Lower  Quadersandstein,  or  a  younger  and  an  older  greensaud,  have 
frequently  considerable  varieties  of  cliarncter. 

The  following  arrangement  of  the  series  (p.  5)  obtains  in  Germany  : 
I.  Upper  Quadersandstein,  in  part  with  Clay-schist  and  Frce-stone- 
eoal  [Quaderkohle] . 

{Upper  White  Chalk  with  Fire- 
stone. Tuff-chalk,  Chalk  Marl, 
Chlorite-chalk   or   Greensand, 
Bohemian  Marl-flags  of  Keuss. 
2.  Middle  Quader-rLo^'^"'Ly'?;t^„t;hatk  Upper  Flags 
merecl.  S      "^  *^*'*'''-''iS»'  Chlonte-chalk 

[_     or  Greensand. 

J  Lower  Flags  or  Marl-  and  Sand- 
stone-flags,    also     Variegated 
Marl,    Greensand,    Ilijipurite 
beds,    Rocmer's     Hils-conglo- 
merate  of  Essen. 
Lower  Quadersandstein  ; — its  upper  beds  passing  into  the  Green- 
sand of  the  Lower  Quadermergel ; — in  j>art  with  Clay-schist 
and  Quadercoal. 
j  IV.  Hils-clay  and  Uds-conglotnerate^Neocomian. 

The  above  is  accompanied  by,  and  compared  with  the  Classifica- 
tion of  the  Cretaceous  formation  of  France,  as  given  by  M.  Alcide 
d'Orbigny  in  his  '  PaU'ontologie  Franfaise,  Terrains  Cn?taa?s,'  torn.  ii. 
1842  ;  and  is  also  compared  with  the  Cretaceous  series  of  England. 
The  chief  differences  pointed  out  are,  that  the  Gault  or  its  equivalent 
does  not  ap|)ear  in  the  German  classification,  and  that  the  Upj>er 
Quadersandstein  is  not  represented  in  the  English  and  French 
■j'stems. 

After  a  notice  of  the  works  and  opinions  of  various  authors  on  the 
Cretaceous  series  of  Germany,  in  its  totality  or  in  part,  succeeds  a 
detailed  account  of  the  occurrence  aud  characters  of  tiie  different 
members  of  the  formation  under  notice,  at — 1.  Aix-la-Chapellc,  Mae- 
stricht,  Liege,  and  Verviers,  p.  13  ;  2.  Westphalia,  p.  17;  3.  Ha- 
nover, p.  30  ;  4.  The  Hartz,  p.  35  ;  5.  Saxony,  p.  4a  ;  6.  Bohemia, 
p.  60 ;  7.  Ratisbon,  p.  63  ;  8.  Silesia,  p.  64  ;  9.  Moravia,  Galicia, 
and  Poland,  p.  68;  10.  Countries  of  the  Baltic,  p.  68;  and  11. 
Denmark  and  Sweden,  p.  72. 

The  subjoined  Table  (pp.  7-'>,  76)  affords  a  .syuontical  view  of  the 
strata  of  the  Quadersandstein  formation  in  the  different  countries  of 
Germanv. 


OBOkOOICAl.: 


Strata. 


Aix-la-Clmpelle, 

Maestricut, 

Verviers. 


Westphalia. 


Upper  Quader-I  Auc-I»-Ch«pclle. 


saudstein. 


Vervieri. 


IlnUem. 

Hills,  near 

Rotbenleldc. 


Uanorer. 


TW 


GodvT 


Upper 
Quadermergel. 


Tuff-chalk  of 
Macstricht. 


Middle 
Quadermergel. 


Lower 
Quadermergi'l. 


Upper  white 
Jhalk  with  Firc-i  feliL 


Marly  Sauditone 
of  the  Baum- 
l>erg  near  Coes- 


stone. 

Chalk  Marl » ith- 

out     Firestone. 

Greeniaod     or 

Chlorite-chalk. 


Grey  and  yeDow- 
ish  Chalk- marl 

Greenland. 


SudnM»bci^ 
congionomlc 
Green  Suuhr 

MaiL 
Chalk-i 


Upper  Flan, 
moitly  Cbuk- 

dags. 

Grecnmnd  and 

Grernsand-con- 

glomerate. 


Lower  Quader- 
■andbteiii. 


mU-clav. 


Lower  Flagi 
(Harl-flaffi  and 


(Mati-nan  i 
^ariegaicalli 


Uari-tfaMaiMl 
VariegMS^MarL  V 


GroeiMUi^ 


In  the  Tcutobttig 
Forest. 


the1%al 
Pontl. 


Cbalk-flaft. 


QreoauHluMl 
Oity 


CSiWe- 

F 


MmaitUbmm 
Bnuuwick.  &C. 


tf 
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Saxony. 


Bohemia. 


Saxon-Switzcr- 
land,  in  part. 


Congloraerstic 
Snnrly    Marl  of 
Kreibitz. 

Marl-flaps  of  Lu- 
achitz,  &c. 


I 


Chalk-flogs 
(Upper  Flags). 


Marl-flags,  Sand- 

ftone-flaes, 

Variegated  Marl; 

generally  Lower 

Grcensand. 

(Conglomerate 

betU  and  Hip- 

punte  bed*.) 


Hohe  Sclinee- 

berg.    Krcibitz. 

Gabel. 


Chalk-flags 
(Upper  Flags). 


Lower  Flags 

(Marl-flags  and 

SaiuLstone- 

flap.). 

Grcensand. 

(Conglomerate 

beds  and  Hip- 

purite  beds.) 


Greensand  and     Greensand  and 
Green  Sandstone.  Green  Sandstone. 

Freestone,  Freestone 

with  Chiv-schist  with  Clay-schist, 
and       QusdcT' 
coal. 


Ratisbon. 


Silesia. 


Sieben  Hirten, 

near  KiusUugs- 

waldii.     Ileua- 

cbe\ier. 


Sandy  and  cal-  Calcareous  Marl 
coreouB  Marl.  and  Green  Sand- 
stone of  Kiel' 
lingswalda. 


Lower  Flags  7 


Green 

Sandstone. 

Freestone. 


Chalk-flags  of 
Oppeln. 


Marl-flags, 
Gliitz. 


Green  Sandstone 
of  Raspcnau. 

Freestone. 


Countries  of 
the  Baltic. 


White  Chalk 
with  Firestone. 


Chalk  Marl. 


7  Striped  Sand- 
stone [Tiger- 
sandsteinj  of 
Mecklenburg. 


4 


I 
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The  second  part  of  the  work  hu  refetenc«  to  the  orpuiie  : 
of  the  German  Cretaceous  sA'steni,  aud  cousUtA  of  a  Ubalar  Bit  of 
the  fossiU  (pp.  84-277),  synoj)tically  arranged  in  umIomoI 
with  authorities  and  synonyms,  stratigraphinil  pUc«*,  ua  loci 
The  localities  of  such  of  the  entunerated  species  m*  oetnr  oat  cf  Ger- 
many are  also  given.  The  List  comprises  1500 
as  follows : — 


ZnOVHTTA    

Anthoioa    .... 

BryooM  

rolylh«lMiii»t 

Aniorphoioa 
Plas-TjK    

Algte 

Liclienei ........ 

Filicm 

Hjniropuridm    «., 


'••••.••••«i 


Flavialei 

Prinripn  (Plfano) 

ConifrFB 

Julillont 

Tercbinthloca    ... 

Carpolitha ..» 

.\Dlhollthes. 

Ph>mi«....„ 

XyiolithM  


I 

4 
I 


RspnuA 4 

Chelonia 1 

Sauria 3 

Pi»ci» 87 

C.rcloidei 13 

Ctenoidei 6 

Ganoiilei 16 

Placoidei S2 

Cbc«tacka 47 

Decapoda    9 

Lophyropoda*    23 

Cirrhipoda 15 

Ain<in.ATA  46 

ServuU  fUidudiaf  V««Ma>\  ^ 
lArim.  &r.) / 

TTklpUML * 

MoLLuacA 66S 

Cephalopoda  81 

Gasteropoda   1&9 

Conchifera 384 

Brachiopoda   61 

Radiata  93 

Echinida 69 

Stellerida    9 

Criooida 15 

At  pages  279  et  »eq.  reference  is  made  to  oh 
by  the  author  and  other  naturalists  on  the  Cr<4jMeoai  I 
various  parts  of  Germany  since  the  rtublication  of  the  fint  port  if 
this  work.     The  author  again  dwells  on  the  (itDM*  of  tlie  tarm 
"  Quadergebirge  "  in  its  application  to  this  syntem  ia  Gcnaany, 
concludes  with  some  further  explanations  of  the  me  of  the  To' 
List  of  Fossils,  and  with  some  remarks  on  the  very  both  mio*  i 
attaches  itself  to  the  oryctographicnl  works  of  Prof.  BrDon  (I 
Palaeontolog.)  and  M.  A.  d'Orbigny  (Pali^nt.  Franfaiac),  to 
all  writers  treating  of  such  a  subject  as  the  prcaent  BiiMt  be  : 
sarilv  greatly  indebted. 

The  jilates  attarhed  to  the  volume  illiistnite  the 
the  Quader-furmation,  aud  forty-four  fossils,  of  which  tho 
have  not  been  previously  figured  : — 


Fodocraiut  Piilmeiuii,  Beet*. 
Serpula  tubcformii,  Gtmits. 


Ammonitca  Neplaal,  Ctim. 
OrbigBfiaas,  Ctia. 


•  [Reprrurntcd  by  the  Cflkrrid^.  The  tea  tpeciM  fiilUf<  bjr 
ftieod  Dr.  Keuu  unilnr  Cyjtruiuta  (p.  08)  bdoag  to  CyMw  mil 
TsANa.] 

t  [Tout  only  of  tlie  mft»t  poinmon  ipecif*  of  «hi» 
here  eoumrratcd ;  Ihe  reader  licing  refentd  U  othet  win 
minute  fo«ail>,  lo  abundant  nearly  ererTwhtf*  ia  the  CfHatMiii  wrtai— Toaji^j 


r.  mntt  roinmon  ipeeir*  of  ihii  gnuf  (Mn^ote|f%v«)  an 
reader  licing  refened  u  othet  wans  fcr  aa  aeMvaa  af  ihaa 
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Hamites  trinoUoaus,  Gein. 

Turrilites  Easensis,  Gein. 

AptTchus. 

Scaphltcs  qiiidrispinosns,  Grin. 

Siromljus  jiyriformia,  Ktier. 

arachiioides,  Miller. 

Acmiea  Plaueniila,  Gein. 
Roitcllaria  emarginulata,  Gein. 
Ccrithium  Bircki,  Gein, 


Thetis  nndulita,  Gein. 
Venus  Goldfussi,  Gein. 
I.yoiisia  Gemiari,  Giebel. 
Mytilus  arcaccus,  Gein. 
Maetra  porrecta,  Gein. 
Aaotnia  scmiglobosa,  Cera. 
Chama  Plauensis,  Gein. 
Lima  iiitcrstriata,  Gein. 
Spongia  Oltoi,  Gein. 

[T.  R.  J.J 
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Ob  Ike  CoAL-FORMATioN  of  the  Provinck  o/Leon. 
By  Prof.  Hal'smann. 

[Karsten  u.  Dedicn'a  Archiv  fiir  Mineral,  u.  s.  w.  I8S0,  vol.  uiii.  p.  761.] 

It  is  mntter  of  congratulatioii  that  the  mineral  treasures  in  which 
Spain  aboimils,  many  of  whit-h  have  been  up  to  this  time  neglected, 
are. by  degrees  being  brought  to  light  and  made  available  for  the 
enriching  the  country.  As  the  art  of  mining  has  imjiruvcd  of  late 
years  in  Spain,  so  also  has  the  knowledge  of  its  geological  constitu- 
tion progressed ;  whereby,  independently  of  scientific  considerations, 
many  une.vpccted  and  solid  advantages  will  arise  to  that  country. 

The  great  wealth  that  Spain  possesses  in  her  numerous  coal-fields 
has  but  lately  forced  itself  on  observation.  The  existence  of  coal  in 
the  Asturias  was  long  known  ;  but  the  raising  it  in  that  province  is 
only  beginning  to  be  general.  It  remained  unnoticed  until  a  still  later 
period,  that  in  the  neighbouring  province  of  Leon,  south  of  the  high 
mountain-chain  which  divides  it  from  Asturia,  an  extensive  coal- 
formation  existed,  with  an  inexhaustible  store  of  iron-ore  in  its  ri- 
cinity.  In  the  year  1845,  a  company  was  formed  under  the  name  of 
the  Palentina-Leonesa,  for  raising  and  putting  to  use  these  subter- 
ranean treasures.  The  geological  investigation  of  the  strata  and  di- 
rection of  the  works  is  entirely  committed  to  Mr.  Pratt. 

The  district  in  the  province  of  Leon  which  is  occupied  by  the 
coal-measures  is  divided  in  a  north  and  south  direction  by  the  Esla, 
a  tributary  of  the  Duero,  which  takes  its  rise  in  the  Cantabrian 
mountain-chain.  The  coal-measures,  which  rise  at  the  utmost  to 
the  height  of  400  varas  (about  lOUO  Paris  feet)  above  that  river,  have 
their  greatest  extension  in  an  east  and  west  direction,  stretching  along 
the  right  bank  of  the  Esla,  from  Fuentes  on  the  eastern  extremity  to 
Sabero,  Saelices,  Ollero,  Sotillo,  Llama,  Veneros,  and  Las  Bodas  on 
the  west.  The  greatest  breadth  of  the  coal-measures  is  in  their  centre, 
from  whence  to  each  extremity  they  taper  away  to  the  form  of  a 
wedge.  Moreover,  the  northern  and  southern  limits  are  somewhat 
irregular,  presenting  many  indentations  aud  projections.  Both  to 
the  north  and  south  the  coal  is  hemmed  in  by  lofty  transition  rocks. 
On  their  southern  decli«ty  the  chalk  almost  uninterruptedly  reposes, 
which  in  its  westward  extension  surrounds  the  transition  rocks,  and 
to  the  north  covers  a  considerable  space  between  the  transition  and 
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carboniferous  systems.  Besides  these,  plutonic  maaaes  (tboogjk 
of  considerable  importance)  occur  on  both  sides  of  the  E»I» 
the  district  of  the  transition  formationB  ou  the  north.  At  the  hM* 
of  some  parta  of  the  southern  transition  range,  ooBglaaMcatcs  and 
uagclflue  occur  extensively. 

The  principal  beds  of  the  coal-formation  consist  of  daj-alite.  bhck. 
grey,  or  red  slaty  clay,  and  quartzose  sandstones,  amoogst  whieh  tWfC 
is  a  very  remarkable  cellular  variety.  The  direction  of  tli«  hadi  ■ 
everywhere  from  cast  to  west ;  they  are  sometimes  irrtic*],  mai  som^ 
times  dip  to  the  south  at  an  angle  varying  from  45°  to  90**.  Tbfj 
contain  abundant  impressions  of  plants  of  the  genera  C^tamnltm,  Sk- 
gillaria,  LepidodenJron,  Lyeopoditrt,  &c.  Some  slu'tU  harr  alao  bw 
noticed.  Tlic  number  of  the  coal-seams  is  reniarWablr,  "''hrigK 
workable  beds  are  not  found  extending  over  the  whole  (tsnatlaam. 
Tliey  differ  much,  not  only  in  thickness  and  persutency,  but  alao  a 
the  constitution  and  goodness  of  the  coal.  The  thickncasoraiMMsf 
the  seams  is  astonishing,  amounting  to  50,  60,  and  rrcB  100  fetC. 
That  which  is  procured  from  the  neighbourhoo<i  of  tiae  older 
tions  is  usually  inferior  to  that  which  is  raised  at  a  grralrr 

The  transition  rocks,  forming  the  southern  limit  of  the 
contain  on  their  southern  dechvity  a  thick,  dark  band  at 
studded  with  nodules  of  white  calcareous  s|)ar,  wliieh  altmialefl 
a  grey  or  black  clay-slate,  occasionally  containing  rnira^  i  "  ~ 
cing  with  acids,  "f  he  limestone  contains  uo  fossils  ;  to  the  acUx 
found  traces  of  plants.  In  the  rest  of  the  southern  nqge  of  hilk  tW 
prevailing  rock  is  a  grey,  white,  or  sometimes  red  limntoae,  vhich  i* 
accompanied  by  a  yellowish  grey  slaty  clay,  and  a  white,  grry,  or  rai 
sandstone.  In  these  formations  occur  many  fossil  ttrofkiapidm,  CH- 
noidea,  and  Corals.  The  strike  of  the  beds  in  the  soutbrni  €bmm  ■ 
universally  from  east  to  west.  The  dip  varies,  but  is  oanallj  to  tW 
south  and  always  at  a  high  angle.  In  some  place*  a  oortlicia  dqi  ■ 
observable,  aud  also  a  fau-sha|H>d  arrangement  of  the  ttimt*. 

These  rocks,  which  are  the  prevailing  ones  ui  the  southern  dun  ft 
hills,  compose  also  the  greater  part  of  the  range  rising  to  tfae  aottli  «f 
the  coal-formation.  But  here  the  sandstone,  which  to  the  iOBlk  ii 
Uttle  developed,  becomes  more  important.  Pew  fninih  arrlbaai  h 
it.  The  accompan\-ing  limestone  is  very  cavernous,  io  Mae  Mti 
of  the  fonnation,  ^or  instance  in  the  Sierra  de  1^  Cocata^  •  Mii 
sancbtonc  occurs,  which  passes  into  compact  ciuartaite.  1^  Bb^ 
stone  does  not  constantly  accompany  it,  but  in  its  place  is 
a  dark  or  greenish  slate-clay  which  does  not  cfTerreMc  with 
In  this  rock  no  fossils  are  found.  The  dip  and  strike  of  thoe 
agree  generally  with  those  of  the  southern  chain.  The  ooly  rtt 
is  the  Sierra  de  las  C'uestas,  where  the  strike  is  imith  —I  and 
wc»t  and  the  dip  from  10°  to  4.">°  to  north-west. 

From  the  researches  of  Mr.  Pratt  there  can  be  no  doabt  that  tke 
fossiliferous  transition  rocks  which  fonn  the  limits  of  the  poal  fcf> 
tlon  of  Leon  belong  to  the  division  whirh  i«  itvled  ia  bf^aod  ikt 
Devonian  system.  Whether  the  rucks  comnoung  the  flbm  de  1m 
Cuestas  l>e  of  the  same  age,  or  are  to  be  considered  aa  SOimaii^  ia  i" 
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cult  to  be  tleterraiiied  from  the  imperfect  state  of  the  fossils.  From 
the  niiiierftlogical  contlitiou  of  the  rocks,  Mr.  Pratt  considers  the  latter 
view  not  ini|)robabIe. 

The  manner  iu  which  these  highly  inclined  beds  of  coal  in  Leon 
are  squeezed  in  between  these  siniilarly  highly  inclined  transition 
rocks  is  most  remarkable  ;  and  reminds  us  of  the  analogous  relation 
of  the  coa]  on  the  western  edge  of  the  Black  Forest,  betwecTi  Offen- 
burg  and  Lahr,  to  the  masses  of  gneiss  which  seem  to  inclose  it.  As 
a  superficial  observation  would  induce  one  to  believe  that  iu  that  in- 
stance the  coal  was  interstratitied  with  gneiss  ;  so  here  one  is  inclined 
to  believe  that  the  coal-formation  of  Esla  is  a  member  of  the  transi- 
tion rock  in  which  it  seems  intercalated,  did  not  the  veiy  different 
nature  of  the  rock  and  the  characteristic  coal  fossils  which  it  contains 
forbid  the  conclusion.  The  arrangement  of  the  coal  strata  also  proves 
that  their  deposition  took  place  when  the  beds  of  the  older  rock 
which  bounds  them  were  not  in  their  present  position,  and  that  the 
upheaving  of  the  transition  rocks  ar.d  of  the  coal  was  simultaneous. 
On  the  probable  cause  of  this  upheaving  the  district  in  question 
throws  no  light.  If  in  many  localities  the  rise  of  phitonic  masses 
may  with  probability  be  appealed  to  as  the  lever  which  has  changed 
the  position  of  strata,  yet  in  this  case  the  maimer  iu  which  these  in- 
considerable plutonic  rocks  occnr  (which,  according  to  Mr,  Pratt, 
belong  to  the  family  of  Greenstones),  does  not  entitle  them  to  be  so 
regarded. 

An  extraordinary  abundance  of  iron-ore  is  found  in  the  hills  form- 
ing the  iiortheni  boundary  of  the  coal- formation,  espeeiidly  iu  that 
part  which  is  clearly  Devonian,  and  also  in  tjiat  which  is  proimbly  of 
Silurian  age.  The  iron  is  in  the  states  of  oxide  and  of  hydrated  jier- 
oxide,  and  occurs  both  in  sandstone  and  in  limestone.  Deposits  are 
found  extending  over  miles  of  country,  and  have  been  proved  to  l)e  of 
a  thickness  of  40,  60,  80,  and  even  100  varns.  The  sandstone  otlen 
contains  20,  .'}0,  40  per  cent,  of  iron,  and  even  more.  The  limestone 
is  nsnally  poorer,  but  offers  great  advantages  as  a  flux  for  smelting 
the  ore.  Thus  it  appears  that  the  country  through  whieh  the  Ksla 
flows  contain<!i  an  iiicxhiuistible  store  of  iron,  which  can  readily  be 
made  seiriccable,  since  there  is  in  its  vicinity  so  extraordinary  a  pro- 
vision of  coal.  Mr.  Pratt  is  of  opinion  that  the  oxide  of  iron  was 
not  deposited  contemporaueoiislv  with  the  sandstone  and  limestone  in 
which  it  occurs,  but  that  it  has  been  introduced  at  a  later  period  by 
plutonic  agency ;  a  view  which  I  adopt  the  more  readily,  as  I  had 
arrived  at  the  same  conclusion  from  the  study  of  similar  deposits  of 
iron  iu  Germany*. 

The  chalk  formation  which  is  widely  distributed  in  many  parts  of 
Spain,  appears  in  the  vicinity  of  the  Esla  with  its  different  members. 
From  the  researches  of  Mr.  Pratt,  granitic  detritus  appears  to  have 
furnished  the  materials  of  the  lowest  beds.  They  consist  of  sand- 
stones and  conglomerates,  more  or  less  consolidated,  with  a  basis  of 
kaoUn.     This  substance  sometimes  occurs  so  pure  that  it  is  adapted 

*  Ueber  die  niltlung  da  Hart7.gebirgei.  AblianO.  Konigl.  Gcsellscli.  Wissensdi. 
zu  Gott.  I.  S.  375,  412,  425. 
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for  making  porcelain  ware :  it  is  aUo  sometimes  eokmrad  grrv.  ni. 
or  yellow,  and  then  it  reuembles  the  variegated  marl*  of  (he  Ktwaer. 
Immediately  on  these  repose  beds  of  a  coarse  limeKtoiir,  which  ahtt' 
nate  with  orJiuarv  sandstone.  Tliese  beds  contain  manj  cfaanKtcrirtir 
chalk  fossils,  such  as  Ilippuritet  and  other  Ruilitte*,  Sekittitm,  mi 
various  univalve  and  bivalve  shells.  Hitherto  Btietmmiltm  and  .4at- 
monitfiH  have  not  been  observed. 

The  series  of  formations  in  this  district  closes  «rith  horisontallT  (ti^ 
tiiied  masses  of  loose  conglomerates  and  nagelflue.    It  b  remanaUr, 
that  among  these  conglomerates,  which  consist  princip*ll_r  at  | 
of  hard  sandstone  with  some  of  hornblende  rock  and  of  fr 
sandstone,  limestone  j)ebbles  have  scarce  ever  been  found, 
that  rock  is  so  extensively  developed  in  the  neighbouring  hiUs. 

[J.  c. 
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Rfsearchfs  on  the  Physical  GcoGRAPnY  o/Ike  .K\.r»,  in  rwt«timm 
to  the  phceitomena  of  Glaciers,  to  Gkology,  MirTKuauLoct. 
anil  the  Geocraphy  of  Plants  (rnter&uchung«n  iU>er  die  pfar* 
sikulische  Geographie  der.\lpcn,  u.  s.  w.),  by  IIermanm  8cauk> 

bl.VTWKIT  an</ AdULI-U  SCHLAGINTWEfT.       LcipAC.      loipCT.  8««k 

pp.  tiOU.     M'ith  7\  Woodcuts  and   18  Lithographic  plates  imL 
maps. 

This  work  is  the  rcsidt  of  investigations  carried  oa  m  thr 
Alps,  and  iu  which  the  authors  were  mutually  engaged  tat 
years.     It  is  divisible  into  four  chief  parts:  —  1.   PnrniiThw  on  Gl»- 
riers^  2.  Geological  Re.'H^arches  ;  3.  Meteorological  RcwulMa  ;  aad 
4 .  Researches  on  Hotnny  and  the  Geography  ot  PlanU.  M 

The  first  part  gives  the  researches  un  the  important  pfavaical  ph^   f 
nomena  of  the  great  ice-masses  of  the  glaciers  in  aerMi  dMfitav; 
treating  particularly  of  the  characters  and  propertiea  of  ier,  of  ll» 
highest  portion  of  glaciers  [firn-merr],  of  the  topogrmpbr  of  the  gW- 
ciers,  their  structure,  movement,  oscillation,  and  wastr.    In  the  aeeoN^ 
geological,  jiart,  we  have  five  cha|it(TS,  on  the  hypMOirtncal  dMH^    fl 
miuatiuns  of  the  Alps,  on  the  formation  of  the  vallrra  and  the  9mm    V 
of  the  mountain-chains  in  the  Alps,  on  the  geology  ol'thr  Orta  valk} 
and  the  'I'auern,  the  furmation  and  temperature  uf  •prxnga,  thr  ii»- 
geothermal  lines  of  the  Alps,  and  on  the  alteratiou  of  ib«  usffm  by 
erosion  and  weathering.    Tlie  third  |>art  cout«ias  five  chaptrra  on  vr- 
leorological  phenomena ;   the  ranges  of  teinp«ratar«,  ■'"•""plntif 
pressure  and  winds,  moisture  of  the  atmosphere,  optical 
of  the  atmosphere,  and  the  proportion  of  carbonic  acid 
it.     In  the  fourth  part,  relating  to  botanical  rcacardwi,  tht  I 
connexion  of  vegetation  with  chmatal  ct:inditions  i 
the  effect  of  altitude  in  limitini;  vegetation,  the  pcnodie  1 
of  vegetation,  the  influence  of  altitude  on  the  thickoeaaoi  Ik*  ( 
rings  in  coniferous  plants,  and  the  peculiar  conditiona  of  tha ' 
lion  of  tlie  Upper  Alps,  iu  the  Upper  Mull  diftrict,  are  ( 
four  chapters. 
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Among  the  numerous  points  of  interest  oflFered  to  the  geologist 
in  the  chapters  above  enumerated,  the  glaciers,  their  formation,  mo- 
tion, and  efl'ccts,  have  a  liiph  place.  Tlie  memoir*  on  the  Physical 
Characters  of  Ice  by  M.  Hermann  Schlaguttweit  (pp.  1-25)  shows 
that :  —  I.  in  their  crystaUnie  structure,  glacier-  and  water-ice,  under 
the  alternate  influence  of  licat  and  cold,  resolve  themselves  into  quite 
identical  forms : — 2.  the  air-bubbles  enclosed  in  the  ice  especially  par- 
ticipate in  the  formation  of  the  crystals,  and  exert  an  iuflueuee  on  the 
form  of  all  free  surfaces: — 3.  thedistinctlycrystailinefomintion  reaches, 
with  the  exception  of  the  blue  bands,  a  niaximura  depth  of  3  metres; 
infiltration,  however,  in  irregularly  distributed  canals  and  capillary 
chinks  jienetrates  still  deeper  : — 1.  the  air  enclosed  in  the  white  ice 
amounts,  on  an  aver.age,  to  C  per  cent,  of  the  whole  volume  of  the 
mass  : — f).  the  water  of  thawing  ice  absorbs  air  to  saturation  : — fi.  the 
air  absorbed  by  the  water  is  richer  in  oxygen  than  the  atmosphere, 
whilst  that  freed  from  the  melting  ice  (tlie  portion  not  absorbed)  is 
poorer  in  that  res]>ect : — 7.  the  blue  colour  of  the  depths  in  snow,  gla- 
ciers, and  ice  does  not  arise  from  the  reflection  of  the  firmament  above, 
but  is  the  pccuUar  colour  of  water  in  a  fixed  condition  ;  in  the  mean 
it  is  identical  with  a  niLxture  of  74-9  per  cent,  of  Kremser-white 
[white-lead],  21"3  per  cent,  cobalt,  and  0'8  per  cent,  of  burnt  ochre  ; 
being,  therefore,  always  lighter  than  the  blue  of  the  atmosphere  in  the 
zenitli  for  mid-latitudes  : — S.  ice  exhibits  throughout  the  properties  of 
a  hard  and  even  a  dry  body  ;  and  the  interstitial  moveability  [ver- 
sehiebbarkfit]  of  the  mass,  recognized  in  a  glacier  from  its  structure 
and  n)otion,  appears  to  arise  from  the  fine  splintering  of  the  ice,  caused 
by  the  pressure  of  enormous  masses  and  their  friction  against  the 
underlying  rock. 

The  conelnsiuns  arrived  at  by  M.  Hermann  Schlagintweit  in  the 
second  chapler  ( pj).  26—4  7)  in  regard  to  the  Regions  of  granular  snow 
[Firn-regionen],  and  from  his  researches  on  snow,  granular  snow  [Fim, 
or  Neve],  the  passage  of  "  fini  "  into  ice,  &c.,  are : — 1 .  the  extent  of 
the  field  or  sea  of  granular  snow  [fim-meer]  is  in  general  greater 
than  that  of  the  glacier  belonging  to  it : — 2.  the  altitude  of  the  lowest 
places  where  "fim"  is  met  with  in  the  .\!p3  sometimes  does  not 
exceed  2,')tW  feet  (French)  ;  but  its  existence  is  limited  also  by  great 
elevation,  since  it  becomes  converted  into  the  more  icy  masses  [sum- 
mit-ice, or  Iloch-eis]  at  the  height  of  more  than  1 1,000  feet  [French] : 
— 3.  the  snow  always  becomes  the  more  crystalline,  and  at  the  same 
time  the  more  difficult  to  thaw,  the  older  it  is  ; — 4.  the  region  of  the 
dust-snow  avalanches  [Staublawineu]  commences  above  the  limits  of 
the  forests,  and  continues  downwards  only  in  some  cases  to  the  "  mon- 
tane region"  : — 5.  the  marking  of  the  "fim-meer"  by  snow-disks 
[Schncc-rridehen]  is  only  superficial,  but  it  shows  tliat  even  slightly 
inclined  firu-seas  are  composed  of  much  smaller  basins: — 6.  the  "fim 
or  nete  is  generally  laminated  ;  an  annual  layer  is  from  0"75  to 
1  metre  in  depth  : — 7.  with  few  exceptions,  there  are  no  glaciers  on 
limestone  ;  the  most  essential  conditions  for  the  formation  of  glaciers 
are  wide  basins  and  an  underlying  rock  impenetrable  to  water. 
*  Originally  cotnniunicated  to  Poggendorf  a  Annil.  Fhjriik  u.  Chem. 
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From  the  consideration  of  the  geuertl  characters  oC  ire  ami  the 
different  forms  of  the  important  snow  and  "  fim"  beds  tlMC 
tute  the  earliest  conditions  for  the  fomiatiou  of  glaoen^ 
led  to  the  subject  of  the  Topography  of  Gladtrt  pra/ptr. 
of  the  Alps  are  mostly  assembled  in  cxtcnsiTe  groapa  ia  lb* 
bourhood  of  the  most  considerable  elevations.  AccurJiBg  ts  t£>v 
extent  and  the  rcgtdnrity  of  their  forms  they  have  been  rtinJeJ  mtm 
the  first  or  second  order  of  glaciers,  or  primarj  and  accondMy ;  tkM* 
is,  however,  a  natural  series  of  intermediate  def^reea.  ThaK  chaav 
groups  that  lie  on  the  decUvitiea  beaide  a  larger  oae,  MMMnatyig 
glaciers  of  the  second  order,  as  well  aa  forming  the  mmatm  of  At 
larger  glacier,  have  been  also  termed  lateral  gUcier*.  The  ^^ 
ciers  of  the  first  order,  on  account  of  their  extent  and  of  tlw  p*>*V 
scale  on  which  they  exhibit  all  the  peculiar  phicnanteok  vX  mmamK 
are  more  particularly  adapted  for  8|)ecial  examination.  MSI.  Schl^ 
gintweit  have,  therefore,  for  the  most  part  confioed  «*'»"'rt"^  tp  ■ 
full  topogra|)hical  survey  of  such  of  the  larger  ^acien,  m  thoae  if 
Pastcrze,  and  the  Oetz  valley  ;  giving  only  occaaioiMl  dcttfla  at  tJw 
phicnomena  of  the  lateral  glaciers,  particularly  tboae  of  tbr  Oetx 
valley,  as  Vemagt,  Ilintereis,  &c.  In  the  third  cluiptrr  (pp.  4^n!) 
the  authors  proceed  to  -'xplain  the  details  of  the  two  rtalnrM*  i  ~ 
of  the  above-mentioned  larger  elaciers,  accompanying  Um 
and  the  instruments  used  in  maKini;  their  observaliuas.  mad  to  i 
of  the  general  extent  of  glaciers.  The  measurcmenta  vt  ibr  PutffW 
and  of  the  Octz-thal  glaciers  follow,  with  deaeriutioas  of  Uwir  dh»- 
rncters  and  external  forms,  illust  rated  with  eoUMnvd 
sketches  and  numerous  woodcuts,  their  souroet,  aad 
observations  on  single  and  compound  glaciers,  the  oricin  of  rack-  lad 
fim-moraines,  &'c.  The  results  arrived  at  are: — I.  too  fbnHtiaaof 
glaciers  is  a  very  general  phienomenon  in  great  moonlaiw^  tmA  k 
not  only  brought  about  by  certain  conditions  of  tempeimtw*  lad  M- 
mospheric  moii^ture,  but  also  by  the  peculiar  formation  of  tlw  valijat 
— 2.  the  least  mean  inclination  of  a  glacier  is  'i"  ;  for  glacias  of  tk» 
first  order  5°  to  7®  is  the  inclination  from  their  lotrer  to  I 
extremity,  including  their  "  fim-meer"  : — 3.  in  an  alpine  «alle}r  ( 
uied  by  a  glacier,  the  following  conditions  obtain  :  the  dUaer  | 
nard  ice  ;  the  widely-extended  "  fim-mecr" — grauiMr  mtt 
«rc  slightly  inclined,  and  are  intimately  connected  togitiHr.  IW 
sides  of  the  surrounding  mountains  arc  covered  with  ■iiiiMJl  in  oai 
aumrait-euow  [Hocheis  and  Flomerschncr,  forms  in  i  iiBmi  to  «•» 
ereat  elevations],  which  are  really  si'panited  fnim  the  **  firD-VMr 
by  deep  circular  crevasses  ("  llergsclirunde"  and  "  RnsaarM**)  t— 
4.  every  larger  glacier  has  several  nourees,  the  sepanUiofio  of  whick 
are  marked  by  su|>erficial  lines  of  stones  (stoae-monina),  or  Irr  a- 
tended  deposits  of  masses  of  "  fim  "-ice.  In  chapter  ir.  (pp.  77-'lOt) 
M.  n.  Schlngintweit  describes  the  Intimafe  Strnftttr*  ^  GImewn, 
noticinc  the  arraii^t-ment  of  the  lines  and  bands  on  tht  iiiftia  taA 
in  the  interior,  also  the  dirt-band^,  and  the  erf  emw  mad  TBffaH  Is 
the  ice  ;  and  in  the  fifth  chapter  (pp.  l&l-rJ4)  be  talm  «poa  ika 
subject  of  the  Motion  of  Glacier*,  deacribii^  hv  method  of  oham»' 
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tion,  and  giviug  tabular  views  of  the  rate  of  motion  of  the  Pasterzc, 
Hintereis,  and  Veningt  glaciers,  with  notices  of  the  alterations  of 
velocity  ;  influence  of  teniperncure  and  effect  of  the  weather  ;  relative 
velocities  in  a  diagonal  and  straight  line  ;  lateral  movement ;  annual 
movement;  motion  of  secondary  glaciers  and  of  "  firn"-masses  ;  and 
with  remarks  ou  the  causes  of  the  motion  of  glaciers-,  on  the  "  sliding" 
theory*;  the  theory  of  "infiltration"  or  "  dilatation"  f ;  the  ulas- 
ticity  of  glaciers  ;  and  the  interstitial  moTeabihly  [versehiebbarkeit] 
of  large  masses  of  ice.  It  results  from  tliesc  obsenations,  that ; — 
1 .  in  all  glaciers  the  centre  moves  faster  than  the  edges  : — 2.  in  the 
most  regularly  formed  glaciers  (he  rate  of  motion  near  the  end  is  less 
thai\  in  the  liigher  jiarts  ;  but  irregularities  of  the  valley -bottom,  de- 
pressions, or  greater  width  of  troughs,  have  considerable  influence  on 
the  alterations  of  tlie  velocity  : — 3.  the  maximum  rate  of  motion  occurs 
in  the  first  summer  months ;  the  velocitv'  in  autumn  in  all  glaciers  is 
next  to  that  of  the  mid-year  : — I.  a  motion  of  2(1—10  centimetres  in 
twenty-four  hours  takes  place  locally  in  all  extensive  glaciers  ;  the  ab- 
solute maxiiiinm  hitherto  obtained  (by  Prof.  Forbes  ui  the  Glacier  des 
Bois)  amoimts  to  132  ceutim.  a  day  : — J.  the  direction  of  the  progres- 
sive nmvement  usually  agrees  very  nearly  with  the  direction  of  the 
Icugth  of  the  glacier,  yet  also,  from  local  conditions,  lateral  de»Ta- 
tions  either  towards  the  side  or  the  centre  may  take  place  : — 6.  the 
smaller  (luid  all  secondary)  glaciers  move  more  slowly  than  the  larger 
ones,  since  the  influence  of  the  friction  becomes  more  sensihle,  if  the 
thickness  of  the  ice  be  dimmished  ; — 7.  the  phcenomeua  of  glacier- 
motion  appear  to  be  connected  with  the  moveability  of  the  integral 
parts  [versehiebbarkeit]  of  the  ice,  and  this  arises  from  tjie  tine  splin- 
termg  of  the  mass  in  consequence  of  its  dryness,  the  enormous  pres- 
sure, and  the  friction  of  the  underlying  rock-surface.  The  rate  of 
progress  becomes  essentially  altered  by  the  degree  of  the  inclination 
of  the  underlying  surface  and  by  the  vertical  height  of  the  ice,  to 
both  of  which  conditions  the  retarding  iuttuence  of  the  friction  is  more 
or  less  due : — 8.  heat  or  considerable  atmospheric  [irecipitations  hasten 
the  motion,  since,  by  the  infiltration  of  the  thaw-  or  raui-watcr  into 
the  ice-eavities,  the  absolute  weight  of  the  glacier  is  increased  : — 
9.  the  rate  of  ])rogressive  movement  is  subject  to  considerable  re- 
tardation from  the  friction  of  the  ice  on  the  sujiporting  surface ; 
the  ba.se,  however,  of  the  glacier  is  not  usually  ice-bound. 

Chajiter  vi.J;  (pp.  12r)-l-|(i)  treats  of  the  "Oxfi/tti/iini"  of  (i/aciert, 
that  is,  the  alterations  and  fluctuations  in  the  absolute  bulk  of  the  gla- 
ciers,—  1.  dependent  on  fluctuations  of  temperature, — 2.  arising  from 
accumulations  of  snow  and  the  formation  of  moraines, — 3.  owing  to 
the  irregularity  of  the  valley-bottoms,  causing  irregular  rates  of  pro- 
gress in  individual  glaciers.  The  Wast  in;/  of  Glaciers  is  noticed  in  the 
seventh  chapter  (pp.  147-1.>9),  and  the  conclusions  arrived  at  froTu 
researches  on  the  distribution  and  ouantity  of  the  water,  the  terminal 
cAvities  of  glaciers,  tlie  influence  of  superficial  thawing,  the  measure 
of  the  waste,  and  the  repair  of  the  waste,  are  : — 1.  the  mass  of  ice 

•  Sanssurc.  t  Charpeiitier. 

%  Tliii  and  the  foUovvmg  chapter  are  alio  by  M.  Hermann  Schlagintweit. 
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beronicB  considerably  diiiiiuulicd  by  tbawiiig  in  th»  nniurtT  i 
and  the  glacicr-strrains  are  fed  iu  tlie  winter  br  thr  continii 
from  the  gradual  ein]ityuig  of  the  canaU  tai  cavitMS  ta  tbe  I 
2.  the  currents  of  air  at  tlie  exit«  of  the  atreanu  fti«  the 
cause  of  tbe  greater  terminal  cavities  of  the  glacier*  ;  thrir  I 
is  favoured  by  the  presence  of  a  second,  contrary  apcrtitre  t- 
bodies  strewed  singly  over  the  surface  favour  tbe  wasUu^  away,  hot 
heaped  up  together  in  greater  masses  they  hinder  it,  ''*"»'"«g  thcnky 
a  considerable  increase  of  bulk  iu  their  ueichbourfaaod  >— 4.  Urn 
yearly  amount  of  waste  is  in  a  great  part  repaired  by  tit*  matiaa  ti 
the  glacier,  combined  with  its  specific  uicUnation ;  at  tbe  MB*  liai 
local  accumulations,  arising  from  unequal  movement^  appMi  la  han 
considerable  influence  in  tlxis  respect. 

The  geological  division  of  the  work  commence*  with  ft  **wjrtfl  la 
IIi/psoHietnc  Obtrriiatioiui*  on  thr  Alfui  (pp.  1(53-197),  wnttta  h« 
MM.  Schlnginlweit  conjointly.  Their  mrtluMi  of  d«CtniiiBaliaa  ■■ 
the  several  .stations  for  corresponding  observations  aft  Cm  aolfaii 
and  the  authors  who  have  estnblisbed  prrvuius  (Irtavnuaatiaa*  ■* 
enumerated.  They  then  proceed  to  exphun  the  f  lahnf  !•  T^Ml  rf 
Altitude!!  that  succeeds.  Tbi!i  Table  comprises  191  iktanoiBMiHi 
in  topographical  arrangemeul,  from  which  we  extract  aoine  wi  I 
most  important. 

Numbcn  ni  Hat  Tshlc.  Ucoa.  fmm  Iml 

I.  Northern  limestone  Alpa. 

1.    Munich aia-?;    ..-.-«     l4f7-« 

54.     Livatscbjoch MM^     ..„.„..     MIM 

II,  Central  Alps.     Tauern. 
70.    "  nm-mecr  "  of  the  Putena  |^ 

cier  on  the  Todtrnlucher  S3M-9     mitt 

Johannishiitt<(whrR  MM.Schla- 

gintwrit  midcd  lonie  months)  SMM  .,.....>.     IHI*! 

92.     llcUigrnblut  taeM  .».„.„     4H«^ 

103.     SalmihoUe 267M  .„,.„..    tOt* 

KM.     Stlmihuttc    S7S94  „..,„«.    SMM 

105.     Fim-Unr  on  tbe  Ldterglelschcr,.  WIS'I  ..m„.,.    SMM 

IOC.     llohrunvte  „ SMTf  ........     •81>1 

107.    .Wler.ruhe «•»•  ....«.,.  IMS^t 

iOH.     l.-ruuKluckt>er.  Firrt  Peakf IMM !«•»« 

lO'J. ,  Second  PlMk»...  WIM    lSM»t 

lie.    Suiuiuii  of  the  Karber 3M5-9    „,.  lOMl-* 

1)7.     Summit  of  the  Watwrradkopf...  3190^  .........    tfXtt 

III.  Central  Alps.     The  OeU  Valle)  Group. 

134.     Vent   l»81-3 .     5791-4 

US.     Curl   UIHHI  .........     &MM-a 

H9.     -SimiUun „    MIM  „.,.....  IUU-4 

WilU.pitM 37M«  „  1I4M-I 

Vrnitgi  (Uciar,  ili«  low«M  pan 

of  the SI0O«     ........     ftlft«-« 


■  Detertntaed  ponly  liy  mrtns  of  i  tiphon  Ixronirter,  laii  |iarll;  by  a 

meter  (thr--    '   - 


t  Ot 
rxampit' 

Orouglorknrr  ami 
UauUiigtr't  Jahrbui. 


i;  utcd  by  the  author*  ia 

-   i»  gi»en  — " 

heif^ti 


■tKanaWafl 
it  gi*rn  at  paga  IM.    Tte  mm 


1.  51. cu    »a    W"    «■■»       *^    Wl 

heif^ti  wete  ofigiHlb  MWW 
Ltpadica  BckteaMh,  UMl  p^ 
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Altitude. 
Number*  of  the  Table.  Hetra. 

rV.  Pass  between  the  Eisack  and  Oetz  Valleys. 

170.    Jaufeiihaiu    19699    

177.    ThnbU    2527-9    


Puiefcet. 


60&(-2 
7782-6 


V,  Bouthem  Declivities. 

18i.     Sources  of  the  Drau 1363-6     4197-8 

190.     MuUlbwU  753-0     2318-2 

The  above  is  accompanied  by  au  appendix  on  the  Grossglockner 
Peaks.  Some  remarks  upon,  and  a  tabulated  view  of,  the  altitudes  of 
tnrenty-eight  of  the  most  importaut  of  the  Alpine  summits  conclude 
this  chapter. 

Chapter  ix.  pp.  198-221,  by  M.  Adolph  Schlagintweit,  on  the 
Formation  of  Falleys  and  the  Form  of  the  Moitntain-chaim  of  the 
Jlpt,  succeeds.  lu  following  out  our  special  researches,  says  the 
author,  on  the  above-mentioued  subjects,  it  has  always  been  our  en- 
deavour to  derive  therefrom  some  clue  to  the  causes  of  the  external 
forms  of  the  valleys  and  mountains.  These  researches,  therefore,  were 
of  twofold  importance,  both  in  a  geological  {)oint  of  view,  and  with 
respect  to  other  branches  of  physics.  The  temperature,  vegetation, 
and  the  whole  climate  of  a  mountain-district  are  intimately  connected 
therewith,  whether  it  consists  of  a  moderately  elevated  plateau,  Liter- 
sected  by  a  few  narrow  valleys,  or  whether,  as  in  the  case  of  the  Alps, 
it  forms  a  scries  of  narrow,  lofty,  barren  summits,  between  which  ex- 
panded valleys  pass  in  all  directions. 

Valleys  have  been  sometimes  regarded  as  almost  exclusively  the 
effect  of  vehement  floods  and  torrents ;  but  in  later  times  causes 
more  complicated  and  connected  with  the  stratigraphical  disposition 
of  the  district  have  been  sought  for.  Bouguet  and  Buftbn  believed 
that  ill  most  valleys  the  salient  angles  of  cue  side  corresjjonJcd  with 
the  re-entrant  angles  of  the  opposite  declivity  of  the  valley,  and  that 
all  valleys  have  their  origin  hi  the  serjicntine  windings  of  submarine 
currents  ;  whilst  by  Pallas,  Saussure,  and  Werner,  diluvial  tloods,  and 
erosion  by  streams  and  by  atmospheric  rirecipitations,  were  regarded 
as  partial  causes  of  tlie  formation  of  valleys*.  A  local  influence  was 
also  ascribed  to  a  partial  overturutng  and  breaking  up  of  the  strataf . 
We  must  regard  as  erroneous  the  opinions,  that  the  manifold  forms 
of  valleys  can  be  comprised  in  one  point  of  view,  and  that  reduced, 
with  few  modifications,  to  one  cause.  One  easily  understands  how 
the  great  valleys  excavated  by  rivers  continually  eroding  strata  more 
or  less  soft  and  destructible  are  distinguishable  from  the  ramifying 
valleys  of  elevated  districts,  which  sometimes  are  widened  out  into 
basins  and  sometimes  struggle  through  narrow  ravines.  In  the 
latter,  mountain  masses  of  ever-varviug  profile  rise  on  both  sides 
many  thousand  feet  high,  whilst  in  the  former  case,  above  the  slopes 
on  either  side  we  meet  with  nearly  horizontal  plateaux,  but  slightly 
raised  above  the  valleys. 


*  Compare  Voigt  on  the  Formation  of  Valleys,  1791. 
t  D'Aubuition,  Traite  de  G^gnosie,  i.  1819. 
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Ill  the  Alps,  on  account  of  the  vsst  masa  of  the  tnotmtkini  Hid  dlt 
various  inclinations  and  summits,  it  becomes  very  diflicult  to  ^^^ 
guish  definite  "groups"  and  their  laws.  Vegetation,  also,  and 
and  es|)f>cially  the  products  of  weathering,  obscure  the  ofigilMl 
of  tlie  district.  To  correct  the  errors  ansiog  from  henee  it  is  UiMr 
deeiirable  to  examine  these  valleys  at  intervals  more  or  Im  rttnaoraL 
as  we  were  enabled  to  do  in  the  Taueru  Alps  and  in  the  OcU  VaUey. 

The  following  researches  have  especial  reference  to  the  cnrvtalfiae 
slates  of  the  Ujiper  Alps;  we  did  not,  however,  omit  to  (tudr  tke 
characteristic  phicnoniena  of  the  limestone  Alps.  And  is  Uttt  W» 
have  sought,  by  our  detcnninations  of  height,  by  the  eonpafiMB  of 
inclinations,  and  by  the  execution  of  numerous  profileSi  to  pft 
assured  data  which  may  serve  to  give  accurate  and  wcD-driBfra 
of  the  characteristic  fonns.  Such  special  researchr*  at*  not  1 
value  for  the  general  questions  of  geology.  I.,  von  Bncfa, 
well-known  "  Ilcsrarclics  on  Granite  and  Unciaa,"  luw  liio* 
intimately  their  external  forms  are  connected  with  tbr 
jiortHut  processes  that  have  taken  place  at  their  appearance  mi  iW 
earth's  surface*. 

liatin-thaprd  I'atleyt  in  the  .llfu. — In  cousiderinK  tbe  flaiar 
teristic  forms  of  the  Alpine  valleys,  much  im])ortaiice  ie>  to  be  aHafWJ 
to  their  upper  extremities.  Ilere  are  found  |)eculiaf  baam-IBw  eMi> 
tieii,  which  are  sometimes  occupietl  bv  the  great  Fim-mcer*.  ao  «■■• 
tial  to  the  existence  of  glaciers.  Such  a  cavity  i«  knowii  as  a  "  MoUa** 
(basin)  or  "  Circus,"  in  French  Cirqur  (f/c  »Urf) ;  in  maar  pvta  of 
the  German  Alps  it  is  termed  a  "  Kahr."  The  great  hooiea  of  iot 
and  ii^re  uf  the  glaciers,  by  the  covering  up  of  aligbt  inequMliriw^ 
are  well  qualitird  to  exhibit  more  clearly  the  character  of  tlMae  orcalv 
cavities ;  and  only  interfere  with  the  general  featiim  lo  ftf  as  !■ 
cause  the  crests  surrounding  the  basins  to  ap|>e«r  as  aakcd  aaaB* 
talus  of  snow  and  ice,  whilst  by  closer  <  'n  they  arv  tamai 

to  be  regular  rock-ridges.     These  differ  ■  ''Ir  in  rrlathv  tl»- 

vatitm  ;  i)art icularly  in  the  hindmost,  hi^lu^t  |H«rt»,  it  ia  oAca  a* 
slight,  that  only  some  grotestpie,  jng);fd  piuimcirs  form  tlie  booi^ 
dary  of  the  basui  ;  their  l>asc  it  for  the  most  part  hidden  \lj  the 
"  firn,"  but  their  outline  is  more  or  less  recoguixable  bjr  mcaaa  af 
the  bedding  of  the  "firn"  and  the  direction  of  its  1 1 1 1  ■— ■  Ve 
have  alM),  at  rather  lower  altitudes,  altogether  similar  ferns  aol 
covcre<l  by  snow,  which  may  In-  comiiarr*!  with  tbrm.  ThcT  m 
pretty  clearly  distingiushable  from  the  jK'culiar  "  KnaeU"  [eaiilata»- 
like]  valleys,  in  which  the  lines  of  inrlinaliou  uiu<t  roaver|^  tovuda 
a  central  point.  In  the  alpine  ba-tius  [Muldeu]  there  is  evidently  a 
decided  inclination  toward*  the  middle  in  the  dirv4>lioti  of  the  traa»- 
verse  axis  of  the  two  sides  ;  and  we  can  trace  more  or  leaa  dearly  a 
kind  of  central  axis  downward  throughout  the  whole  liaaio.  Tmst 
linen,  however,  together  with  the  whole  basin,  ha\r  a  verr  cnoaliHl 
'lelination  towarcls  its  front  entrance.  In  coiisrquenrr  of  tn*  bottoai 
■"'•'he  valley  not  being  itself  horizontal,  it  liappeiis  that  oo  WKKf 

'^  '^',  (he  true  form  of  these  valleys  con  be  acarcelr  reconbnL  MB 

exanipli'  ,  •  '         ^ 

Grougtoci.  *  \bliaad.  d.  Acad.  BariiB  (tir  IMl. 

Hrurlingcf'» 
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the  far  greater  slope  of  the  walls  is  not  sufHciently  distinguished  from 
the  more  gentle  incltuatiiin  of  the  basin  itself.  Tlie  extent  of  these 
basins  is  very  considerable ;  the  largest,  among  which  the  firumeers 
are  especially  to  be  remarked,  attain  to  half  a  square  mile  [German] 
and  more. 

Behind  and  at  the  sides  the}'  arc  enclosed  by  crests  tl>at  surround 
them  in  the  form  of  the  se<>;meiit  of  a  circle,  subject  of  course  to 
much  irregnkrity.  Forwards  they  pass  into  narrow,  extended  val- 
leys ;  the  transition  being  either  gradual,  or,  as  in  most  cases,  rather 
sudden.  This  narrow  valley  or  dell  [Thalenge]  o|>ens  into  a  second 
open  basin,  Laving  very  often  a  breadth  of  2<)()0  to  3000  feet 
[French].  This  contiiuinl  succession  of  wide  basins  and  narrow  dells 
is  very  conspicuous  in  all  the  fraitsi'fise  »nlleys  of  the  Al])s,  and 
Lave  already  been  noticed  in  the  valleys  of  the  Aar,  Linth,  Rcuss, 
Gastcin,  &c.,  by  Saussure,  L.  von  Biich,  Escher,  Sluder,  and  others. 
Similar  basins  and  circus-valleys  are  found  in  all  the  .Vlpine  ranges, 
and  in  the  Pyrenees,  the  Jura,  and  otlicr  mountains,  and  they  have 
been  noticed  by  IliUton  and  Pinyfair  in  England  ;  their  examination, 
therefore,  must  have  a  very  geiierai  interest. 

Trannferse  T'ulleijK. — Fully  to  exemplify  these  phaenomcna  the 
author  gives  a  copious  detailed  account  of  the  following  cross-valleys  : 
—  1.  The  Oetztbal,  with  its  seven  basins,  illustrated  by  a  woodcut 
profile.  This  is  described  {p.  '20 1 )  as  ojiening  into  the  Innr/iliulinal 
valley  of  the  Inn,  five  or  six  miles  [German]  above  Innspruck,  by  a 
narrow  gap  in  the  mica-schist  mountains  of  the  right  l)ank.  The 
great  volume  of  the  water  of  the  Oetz  alone  shows  that  there  exists 
an  extensive  valley  behind  this  narrow  cleft .  The  valley  is  composed 
of  a  series  of  great  basins  ;  the  mountains,  retreating  mostly  on  both 
sides  and  less  fre(picnt]y  merely  on  one  side,  euclose  wide  level  valley- 
bottoms.  These  basins  are  connected  in  two  ways ;  either,  from  a 
sudden  subsidence  or  dejiression  of  the  door  of  the  valley,  a  high 
precipice  divides  them,  or  there  occurs  a  longer  interruption  by  means 
of  a  ravine.  The  last  is  here  more  eonnnon,  w  hiist  we  find  the  sud- 
den depressions  more  developed  in  the  Taueru  Alps.  '2.  Tlie  MiiU- 
thal  and  its  three  basins,  with  a  [irofile ;  and  3.  Tlie  Fuschthol, 
with  its  three  basins.  The  interesting  basins  of  the  Gasteiu,  noticed 
by  Von  Biich,  are  also  described  (]>.  207). 

Longltudiual  I'atlet/s. — These  long-valleys  are  very  numerous  in 
the  Alps,  aiul  possess  a  similar  alternation  of  basins  and  ravines  as 
that  80  constant  in  the  transverse  valleys.  This  character  however 
suffers  certoin  moditications,  owhig  to  the  great  longitudinal  extension 
and  the  less  height  and  inclination  of  the  former.  Sjiecial  exam- 
ples of  their  most  importajit  plncnomena  are  given  in  detailed  de- 
scriptions of  the  longituihiial  valleys  of  the  Uran  and  Kienz,  which, 
properly  speaking,  form  one  great  valley  (the  Pustertlml)  dividing 
the  long  chain  of  the  crystalline  slates  in  the  Taueni  Alps  from  the 
southern  limestone  Alps. 

In  the  Alps  it  is  sometimes  rather  difficult  to  define  the  charac- 
teristics of  a  longitudinal  valley.  It  would  be  a  great  mistake  to 
expect  that  these  valleys  must  always  run  parallel  to  the  chief  longi- 
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tudinal  axia  of  the  Alps  front  west  to  eaat.  Under  oo  otlier  i 
Btouces  can  we  most  easily  perceive  tliat  the  Alp*  are  wmiumMl  tit 
series  of  "  groups  "  [Gni]>pen,  magn/s],  aiiil  not  of  parallel  faoca.  Iha 
long  valleys  enclose  these  "groups,"  and  hence  take  vcrjr  *ffa— 
directions.  We  find  them,  therefore,  stretching  aometimM  Iran  nank 
to  south,  as  the  two  arms  of  the  Etsch  Valley,  and  ammj  othoi. 

They  are  for  the  most  part  reducible  to  two  diTiaooa.  Hie  •■■  ■! 
are  characterized  by  a  stronger  uiclination  and  by  the  aJtoaadaaif 
great  flat  basins  with  dells,  often  very  long  and  narrow,  mai,  m  ia 
the  cross-valleys,  having  a  greater  fall  tlian  that  nf  thr  bAiias.  T%m 
upper  extremity  of  the  valleys  varies  cunsidrrably.  Ther  wmj,  ^ 
deed,  as  in  the  transverse  vallevs,  take  tlieir  riae  on  high  cnMi; 
generally,  however,  this  is  not  the  case.  These  loapitBiliiial  vdni 
must  on  the  whole  be  considered  as  deep  depretnoM  Brooad  tat 
loily  mountain  groups.  Their  upper  extremitiM,  tlMitftm.  B*  im 
the  most  part  deeper  than  those  of  the  tranarerse  valley*.  Tbe  ^ 
shed  between  two  long  valleys  is  sometimes  formed  br  k  broad  i 
which  is  enclosed  by  high  mountains  and  aiopei  (■■"HT  *">  ^*'*  ' 
site  aides,  as  is  so  clearly  the  ease  in  the  Pusterthu  or  cm  the  T 
Sometimes,  however,  tfie  two  sides  have  very  differmt 
this  happens  especially  with  those  brauehea  tnat  pan  to  iha 
since  the  fall  is  here  always  more  considerable.  A  fine  — ^■»|'V  sf 
this  occurs  in  the  valley  of  the  Inn,  the  unuaually  bread  |ilatcaa  of 
which,  at  the  Moloja  f>aas,  descends  towards  the  south  wttk  MMf 
precipices. 

Longitudinal  valleys  of  the  second  diTiaioa 
they  descend  to  a  certain  heig^ht  and  pasx  as  broad  de 
parallel  niountaiu-clmins,  which  verv-  often  belong  to 
logical  formations.  The  foil  then  becomes  trifling  ;  ibe  vall^<4 
are  filled  with  beds  of  gravel ;  they  are  always  broad,  aaa  allaa  af 
great  longitudinal  extent,  and  are  almost  entirely  free  fnxa  $un  alttnk 
tion  of  its  character,  there  being  a  discoutiuoauce  of  tbe  kamt  tmi 
terraoe-Uke  sinkings.  The  direction  of  the  valky  alao  is  leas  aalifMt 
to  variation.  When,  however,  thr  direction  is  chaafjcd,  iiiiiasi.  «* 
narrow  passes,  "  Klansen,"  often  occur  which  are  overlooked  by  aa- 
cient  fortifications,  and  have  attained  historic  celefcrttT  :  ia  tkoa 
cases  the  longitudinal  valleys  form  the  most  important  roads  tktaoak 
the  Alps.  Such  narrow  paasM  are  t're<|uently  toond  wken  tka 'vaHtr* 
leave  the  Alpine  districts  and  decceml  towards  the  nortkcni  i 
pUin^  as  in  the  case  of  the  Porta  Westphalica.  In  en 
longitudinal  and  the  transverse  valleys,  we  tiud  that  tbe  i 
tion  of  the  former  is  less,  both  on  tbe  whole  and  at  particalar  paitk 
The  baains  of  the  former  are  larger  and  mon*  Irwl,  tbcir  «aBif^ 
bottoms  broader,  and  tbeir  upper  ends  attain  by  ivu  mcaaa  sadi  a 
absolute  altitude  as  thooe  of  thr  latter.  In  both,  howvnr,  tba  aMa 
inclination  iucreasea  in  the  highest  portion  and  is  gnalart  ia  tka 
ravines  (interveniug  dells). 

Sefomiary  lran*rer»t  FalUyt. — Besidci  the  biac-  aad  tha 
valleys,  before-mentioned,  there  is  an  extenahw  swat  of  ■ 
lay*.    Their  proportion  to  tbe  fanner  appears  also  to  bt 
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and  to  be  Ttry  rariouB  in  different  districts.  In  a  district  ■where 
plateaux  predominate,  and  which  is  intersected  only  by  a  few  valleys, 
these  lateral  valleys  arc  but  few  and  of  a  trifling  extent.  In  the  Alps, 
however,  they  are  very  numerous  and  have  manifold  peculiarities. 
A  description  of  these,  and  of  the  fal/et/n  of  the  Limettone  Alps,  suc- 
ceeds. 

Forma  of  the  Movntain-chains  (p.  215). — Tlie  division  of  the 
Alps  into  the  "groups"  [massi/a],  previously  referred  to,  appears  to 
be  far  more  regular,  both  in  an  orographical  and  a  geognostical  point 
of  view,  than  the  condition  of  long  parallel  chains,  which  Ebel  sought 
to  trace  throughout  the  Alps.  Studer  in  particular  has  closely  in- 
vestigated many  of  these  different  "groups"  and  their  combinations. 
He  finds,  particularly  in  the  larger  "groups  "  of  the  crystalline  slates 
of  the  Central  Alps,  that  two  chief  inclinations  are  distinguishable  ;  at 
their  borders  a  series  of  greater  mountains  occur,  which  indicate  the 
line  of  liighest  mean  elevation.  Both  of  these  declivities  are  usiially 
intersected  Ijy  large  transverse  valleys,  parallel  to  one  another  and 
at  right  angles  to  the  line  of  the  greatest  altitude.  On  both  of  the 
other  extremities  also  of  the  "groups"  are  still  smaller  transverse 
valleys.  Only  in  a  few  of  the  "groups"  does  an  entirely  regular 
arrangement  of  the  valleys  occur;  since  frequently,  sometimes  the 
one,  and  sometimes  the  other  system  of  cross-valleys  preponderates. 
It  is  worthy  of  remark,  that  when  the  longitudinal  axes  of  such 
"groups"  extend  from  west  to  east,  their  slope  to  the  south  is  for 
the  most  part  unusually  sleep,  whilst  to  the  north  it  is  but  gradual. 
This  is  a  repetition  of  the  law  that  we  found  to  obtain  generally  in 
the  .^Ijis ;  and  as  the  northern  plain  clearly  lies  higher  than  the 
southern  plain  (of  the  Po),  so  also  the  longitudinal  valleys  in  the 
south  surround  such  "groups"  at  lower  altitudes,  than  those  which 
surroimd  them  in  the  north.  Other  features  of  tTie  mountain-chains, 
resulting  from  the  transverse  valleys,  are  also  described,  with  obser- 
vatious  on  the  mean  height  of  the  passes,  crests,  and  summits. 

Mountains  and  Siimniitu  (p.  217). — The  mountains  of  the  Alps 
are  not  great  isolated  cones ;  they  rather  form  portions  of  definite 
ridges,  above  the  mean  height  of  which  some  of  the  cones  eminently 
rise.  It  is  only  in  their  neighbourhood  that  we  can  form  a  correct 
idea  of  this  condition.  Viewed  from  out  of  the  deep  valleys,  many  of 
the  mountains  appear  as  vast  mdepcudeut  pyramids  ;  wliilst,  if  we 
stand  over  against  them  on  higher  ground,  this  error  is  easily  cor- 
rected, and  we  perceive  that  thev  are  only  portions  of  a  long  crest. 
Only  at  the  extremities  of  a  riJge  are  the  mountains  seen  to  stand 
out  independently. 

In  the  limestone  ranges  the  forms  of  the  mountains  are  somewhat 
different,  since  here  the  luwer  portions  very  often  have  steep  preci- 
pices to  an  extent  that  seldom  occurs  in  the  crystalline  slates.  At 
the  rear  of  these  jirecipiccs  are  level  spaces,  above  which  the  summits 
rise  with  only  gradual  ascent. 

On  the  contours  of  the  highest  peaks,  weathering  and  erosion  by 
hvdrometeoric  operations  certainly  exercise  considerable  influence, 
lience  those  horns  and  peaks  rising  from  the  narrow  crests,  and 
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which  particularly  characteri«e  the  Centrml  Alps.  We  nut,  1 
distinguish  the  indentutions  of  the  riilges  thiM  i-ffecled  from  (  _ 
iiidt'pi-udeiit  peaks  that  often  rise  more  tliau  UKH)  feet  fF^UIch] 
above  the  Kurrouiuliiig  ^mrts.  The  latter  are,  iu  all  prolwfailitj,  cas> 
nected  with  the  original  formation  of  the  tiioiintain,  umI  imM 
iiig  from  the  disuitcgrating  of  the  atmosphere ;  for,  if  ' 
and  the  rain  have  had  the  i>ower  to  remove  rxtt^xtTr  bed*  of  I 
rock  from  around  an  isolated  {>cak,  the  latter  itself  nuglit  aLia  Is  I 
eutirely  disa|>peare(l  long  since,  as  it  offers  for  these  onenlitMM  a 
proportionally  fur  greater  .surface  thnii  n  ridge.  .\ltlMani  die  iai^ 
stone  muutvCAins  are  in  general  less  peaked,  iu  comfMlMOi^  teC,  tm 
accouut  of  their  destructihility,  and  bv  the  removal  of  the  aoAtf  mati^ 
rials,  gypsum  and  day,  they  tiometimes  ajwume  irrv  ct 
Their  piunaeles  (iiecdlcK,  teeth),  owing  to  the  contmoKl  i 
tion,  fall  ui  great  masses,  and  cauM  the  devastation  eo  mock  i 
in  their  vicinity*. 

In  treating  of  the  Catigrg  of  the  prrtrut  forvtn  of  tkt  FiaOrav  aatf 
Mountain-chains,  it  is  stateil,  that  both  erosion  bj  means  of  rr 


and  the  disintegrating  etVeets  of  thentmospherc  and  it«  pfecuMtatMlk 
can  be  considered  as  having  only  subordinate  influence  on  UC  fam^ 
tion  of  the  Alpine  districts.     How  (it  is  aaked)  is  it  |inMihli  fat  < 
sion  to  ha\e  eflTected  such  e<pial  declivities,  not  ooly  of  thei 
but  also  of  the  mountain  ranges,  and  ^uch  a  frr<|ii 
the  ilistribution  of  elevations.'     llow  could  it   be 
Alpine  valley  to  be  excavated  by  such  means  from  the  ttmmM  tf 
Mont  Blanc  'down  to  a  depth  of  30(H)  feet  |  Krrnch]  ? 

With  regard  to  the  sudden  expansion  of  the  basin*,  cl 
the  transverse  valleys  of  the  .\lp»,  it  is  stated  (p.  '.'IN)),  ihat  tlus  i 
not  have  been  the  result  of  violent  outbursts  of  water;  il 
possible  for  water  to  have  collected  hi  great  maMCS  where  no  ( 
was  ]irescnt  to  restrain  it ;  and,  if  a  dam  had  once  enatni,  tn 
ouly  have  been  cut  ihrougli  by  a  deep  gap,  and  nat  iimiiiinl  o^ 
tirely,  without  a  trace  iK-ing  left  through  itii  whole  extent.     Aad  tf 

11.  207,  in  considering  how  far  great  local  ccdlrctioRs  of 
lave  been  concenied  in  the  formation  of  these  lallrva,  the  i 
observes,  that  were  their  figure  due  to  this  form  of  ainaeoii 
they  must  be  regardcrl  as  cauldrou-shaiH-d  cavities,  U«t  _ 
became  filled  with  debris,  and  now  otTcr  levelled  vaihem.  Bat  ika 
view  is  decidedly  0|>|>o8ed  not  only  l>y  the  fact  of  tW  very  AtMHl 
protrusion  of  the  underlying  rock,  but  by  the  usual  iwilllinii  of  tks 
rock-surfuce  at  the  slight  depth  of  10-1 2  feet  I  Frracfa]  hiwrll  iW 
superficial  gravel.  That  the  ba-iin-  <ir  troush-Ukr 
that  is,  the  rt-treatiiig  of  the  sides  of  the  valley  on  both  i 
have  been  effected  by  the  presence  of  a  lake,  is  ■ulKeicotly  4 
We  should  otherwise  confound  the  effect  witli  the  rame.  The  ( 
tion,  whether  collections  of  water  have  MDeiaUy  oeeaaied  thai 
%  ities,  is  easily  answered  in  most  cases.  We  iianaUr  fad  here  < 
gravel-beds,  tliat  by  their  equal  distribution  are  iniAeHj  ahowB  la 


A  aouble  esample  ocean  in  ilie  east  of  ikt  DlaUmu  awr  laa. 
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have  been  deposited  in  staoding  waters.  The  inequalities  of  the 
valley-bottoms  may,  imlepil,  in  many  cases  be  sufficient  cause  for 
tliis  ;  but  sometimes  (for  e.vamiile,  near  Lengenfeld)  the  form  of  the 
raviuc  imincdiatuly  following;,  and  the  depth  of  the  erosion  of  the 
river-channel,  show  that  here  a  stoj)piiij»  of  the  water-course  had 
taken  place.  At  all  events,  this  kind  of  nqiicous  operation  was  only 
subordinate,  and  more  deeply  lying  causes  for  the  forms  of  these  cavi- 
ties must  be  sought  for  in  the  confieruration  of  the  whole  district, 
aud  in  the  original  mode  of  the  formation  of  the  valleys.  Tliis  is  the 
more  evident  when  we  consider  that  many  such  basins  are  separated 
by  precipitous  depressions  only,  similar  to  terrace-like  declivities, 
where  there  has  been  a  jterfect  absence  of  any  dams  for  the  collection 
or  restraint  of  water. 

In  the  longitudinal  valleys,  on  reaching  which  the  Alpine  streams 
have  already  lost  much  of  their  force,  considerable  bcils  of  gravel 
occur  (p.  212),  which  have  been  cut  through  by  the  rivers.  Here 
again  river-erosion  always  appears  of  slight  imt)ortniice  in  relation  to 
the  extent  of  these  valleys.  At  the  terminal  gap-hke  oi)enings  of 
these  valleys  the  eroding  |)ovver  of  the  streams  is  abundantly  percep- 
tible ;  but  we  can  scarcely  dare  to  attribute  the  cutting  through  of 
these  rocks  to  such  a  caiuse.  The  signs  of  erosion  reach  at  the  high- 
est to  some  100  feet  [French],  whilst  the  rock-walls  are  many  thou- 
sand feet  high.  It  is  remarked  (p.  21!)),  that  the  distinguished  ob- 
servers, L.  von  Buch,  F.  lloflniann,  O.  d'Halloy,  E.  de  Beaumont, 
Thurmann,  B.  Studer,  aud  others,  have  indeed  ])rovcd  in  different 
regions  of  the  earth,  that  the  formation  of  valleys  is  not  effected  by 
casual  erosion,  but  is  most  intimately  connected  with  the  causes  that 
gave  rise  to  the  general  configuration  of  a  district.  In  relation  to 
this  are  especixdly  to  be  regarded  the  manifold  windings  of  valleys, 
the  great  change  in  their  direction  aud  extent ;  whereas  in  mere  ero- 
sion, water  would  have  taken  the  shortest  and  straightest  passage. 
It  frcfpiently  ha|)pens  also  that  a  valley  cuts  through  a  lofty  moun- 
tain crest ;  whilst,  on  the  other  hand,  running  water  would  have 
taken  an  easier,  and  f'ret|uently  alreadv  opened,  course  to  one  side. 
Hoffmann  has  proved  this  particularly  t>y  the  well-known  Porta  West- 
phalica  in  the  Weserthal ;  Omalius  (I'lialloy  cites  very  similar  phee- 
nomcna  in  the  course  of  the  Rhone. 

The  author  considers,  therefore,  that  although  nuniiug  water  and 
atmospheric  influences  effect  important  changes  on  the  earth's  sur- 
face*, yet  these  operations  have  not  been  sufficient  to  give  rise  to  the 
extensive  series  of  Alpine  valleys. 

The  real  causes  of  the  origin  of  these  valleys  ap[)ear  to  lie  in  a 
series  of  successive  elevations,  a.ssociated  ivith  certain  sinkings.  The 
great  basms  found  at  the  extremities  of  the  valleys  and  in  their  wider 
developments,  and  repeated  on  a  suialler  scale  on  the  declivities  of 
the  mountains,  seem  especially  to  point  to  a  retreat  or  withdrawal 


*  A  teriea  of  obiervatioaa  on  eroBion  and  weathering  it  given  in  Chapter  xii. 
of  this  work. 
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[zuriickwcichen]  of  the  masses.    We  ou^bt  h«r«  lo  tkmtrB,  that  dM 

study  of  the  valley-fonnation  of  the  Alpi  can  oalj  bt ' 
out,  in  proportion  ns  the  general  ui)i'a8t  of  the  ttfiM  I  _  ^ 
perpendinilar.  For  the  strata  oltvn  prosene  orrr  ^tifff  tnetM  tht 
same  strike  and  dip,  and  are  frequently  cut  throtijth  bj  ■  Hiita  wt 
valleys  withniit  suffering;  any  change.  One  mip(ht  rtprct  tkmt  m  th* 
groat  hasiiu-like  depret<sions  the  inclination  of  the  strKt*  wtwU  W  at 
some  degree  altered.  Still  we  nnist  consider  that  tiie  upeiae  or  iBU 
ing  of  the  strata  is  unusually  steep  in  the  Alps  ;  a  paititti  withdmadl 
therefore,  may  hap|M'u  without  any  Tery  ntnking  diMnrbaacr  ot  tht 
inclination  and  the  succession  of  strata,  and  is  hir  more  • 
under  the  conditions  of  horizontal  straiiticatiun.  Soiuetl 
we  led  to  notice  very  striking  disturbance  of  the  MiatiBealioai 
cularly  in  the  Umestoue  Al)>s,  and  there  indeed,  wber*  the  j 
irregularity  of  the  valley-bottoms  has  been  efflretod  by  Um  i 
pressions  that  even  yet  are  occuj)ied  by  the  Alpin*  bkt*.  ~ 
contined  chiefly  to  the  north  and  south  districts,  and  an  i 
wanting  in  the  central  parts,  where  crystalline  aialca 
where  the  elevation  is  roost  regular. 

Chapter  x.  (p.  -J^'i-'i'SA)  contains  M.  .\dolph  ScMagtBtwak**  tik- 
servations  on  the  Orotogiral  formation  of  the  OH»  ^aUajf  mati  Ua 
Tauern  Ilangr.  In  Kpeaking  of  the  AIjh  •^nenUj,  the  lllthMr  a^ 
sen'cs  that  crysttdline  Khiteii,   niic:i  ueisa,  tod  gtMlft^  ■■• 

widely  distributed,  aud  with  great   i  \ .  thfOUghoM  tktf  Mif^ 

Stretching  from  the  Maritime  Alps,  in  imiwrtant  noaalaiD-'*  _  ~ 

to  Mont  Blanc,  and  continuing  on  to  the  easten  fxtivinilv 


Alps,  where  they  suddenly  disapf>eBr  Iwneath  the  terttarr 
The  constituent  rocks  are  %Tr>-  various,  (iiieiiut  and  mtnk-aHiiat  i 
dominate,  with  manifold  modilicationx ;  granite  occtini  bat 
and  mostly  in  Isolated  masses  on  the  soutliern  declivitiea  of  the  Al|% 
iu  company  with  red  porphyrr  and  n>ela|)hyre.  AArr  amsia  obaar*^ 
tioiiB  on  the  connection  of  geological  fonuationa  with  ONpnphfaal 
conditions,  and  an  enumeration  of  treatisea  on  the  atfodwi*  ef  iW 
Alps  in  general,  and  of  the  U<-Ui  Valley  in  particniar,  oar 
proceeds  to  give  in  detail  the  geological  conatitutiaa  oftbtr  < 
"group";  premising,  that  the  creat  reir^  '  '  T  " 
considerable  on  ari-n,  and  the  prettv  n\\\..  lion  at  lb*  I 

lions,  are  here  very  remarkable.  In  this  i-xtt-itsivc  dMrirt  W)  tmr  vv 
iiite  i.s  found.  Gneis.i,  honildeude  rock,  and  miTa  ilit*  aiv  the  wmt 
prevalent  rocks ;  amongat  the«e  the  laat  prrpoodanlM  i 
indeed  of  ithclf  coinfioses  the  higheat  parta.  Bandra 
bomidnrirs  of  the  mountain-"  group"  tnere  are  sotne  i 
of  gruuwacke-likc  rockii  of  red  sandstone  and  clay-atetfai 
northern  limit  towards  the  valley  of  the  Inn  there  are  tracts  ailam^- 
atone.  The  latter  reach  to  inconsideralilc  heights  ooIt,  and  erfalralH 
belong  lo  the  great  limestone  ranges  in  the  north,  a«|MMlMl  by  Wa 
luu  Valley.  These,  together  with  small  beds  of  cale^nff,  oAen  eai»- 
poao  low  terraces,  beliiud  which  the  crYstalline  radu  har  with 
ascenta.    Wiiluu  the  district  under  nonce  occur  i 
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of  limestone  of  considerable  interest.  Mosses  of  gpieiss,  hornblende 
rock,  and  mica-schist,  of  different  widths,  fonn  some  not  always  very 
diiitiuct  radiating  groups,  similar  to  such  as  are  so  frequently  seen  in 
the  crystalline  slates  of  the  Western  Aljis.  Detjiiled  accounts  of 
these  rocks  surceed ;  after  which  we  have  the  geologj'  of  the  Tauem 
Alps  in  the  Upper  Moll  district,  j)recede<l  by  a  list  of  the  geological 
authors  who  have  treated  of  this  Alpine  "group"  (p.  228). 

The  Tauern  are  a  lofty  chain  of  crystalline  rocks,  forming  a  part 
of  the  RhcEtittu  Alps.  Especially  ui  the  north  of  this  range  the  Alps 
exliibit  a  great  regularity,  for  here  there  succeeds  a  district  of  tole- 
rably developed  Transition  rocks,  whereon  the  vast  range  of  the 
nortliem  Umestone  Alps  in  Salzburg  and  Bavaria  are  elevated. 

The  composition  of  this  extensive  "group"  is  somewhat  various. 
Oueiu  and  mica-schists  predominate ;  between  these  rocks  occur 
great  masses  of  chlorite  slates,  of  hornblende  rock,  of  calcareous 
schists,  and  of  calcareous  mica-schists,  (iranite  also  and  isolated 
patches  of  serpentine  arc  found  at  many  points.  The  geological  cha- 
racters of  this  district  follow  in  considerable  detaU. 

M.  .\doiph  Schlagintweit,  in  Chapter  xi.*  (pp.  23.i-273),  dwells 
upon  the  Formation  of  Springs  and  their  differtixt  Temperatures,  and 
on  the  Geothennal  conditions  of  different  Alpine  districts.  He  tiuds 
that; — 1.  In  using  the  springs  for  the  determiuation  of  the  local 
temperatures  of  the  earth,  it  is  indispensable  that,  in  arriving  at 
comparable  results,  we  direct  our  attention  to  the  geological  forma- 
tions and  local  conditions,  on  which  the  nature  of  the  origin  of  springs 
is  necessarily  dependent ; — 2.  The  origin  of  springs  is  not  only  con- 
nected with  the  mode  of  stratification,  but  also,  and  that  most  inti- 
mately, with  the  general  character  of  the  rock  formation  ; — 3.  The 
fissures  and  porositj-  of  limestone  give  rise  to  important  differences 
in  the  conditions  attendant  on  this  rock  and  on  crystalline  schists. 
In  limestone  the  springs  are  rare,  coi)ious,  and,  coming  through  this 
rock  from  other  higher  districts,  often  issue  with  n  nmch  lower  tem- 
perature than  usually  found  in  springs  flowing  out  at  such  a  level ; — 
4.  The  altitude  at  which  (he  last  springs  can  occur  depends  on  the 
general  elevation  of  the  mountain-mass  ;  their  distance  from  the  mean 
altitude  of  the  summits  and  crests  is  greater  in  limestone  ranges 
than  in  those  of  crystalline  schists  of  equal  height.  In  .\lpu>e  ranges 
of  similar  geological  (brmations  this  distance  becomes  far  greater 
when  they  rise  far  above  9000  feet  (French),  where,  owing  to  the 
fonnation  of  steefi  precipices  and  sunnnits,  and  of  massive  snow-beds 
and  glaciers,  the  dejircssimi  of  the  limit  of  springs  is,  comparatively, 
very  considerable  ; — .'5.  The  diminution  of  the  temperature  iu  pro- 
portion to  the  altitude  does  not  take  place  in  an  equal  arithmetical  or 
geouietrical  progression.  In  the  valleys  it  progresses  more  slowly 
than  at  the  declivities  and  summits ;  and  cteteris  paribus  advances 
more  rapidly  at  higher  elevations  ; — 6.  Almost  the  same  temperature 
is  found  at  the  limits  of  the  growth  of  trees  in  the  different  .\lpine 

*  Originall)'  comma nictted  to  Poggendorf' s  Annal.  der  Pbjsik  u.  Chemie. 
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ranges,  although  the  altitude  of  this  limit  may  ila«]f  mnrwlMt  vary. 
We  mar  take  3-5°  C.  as  the  mean  tciiiperaturc.  InnadHlcljr  thmm 
tlie  limit  of  arboreal  growth  we  remark  the  most  saiUai  ** 
of  the  ground-temperature,  and  the  most  marked  difli 


the  various  springs  ; — 7-  The  springs  in  vallers  are,  at  coial  iMig 

'    .awltlwbi 


(toikt 


warmer  than  those  on  the  decli>itie.s  and  summitit  i 
kingly  pereeptiblc  in  the  higher  regions.  In  like  i 
greater  radiation  from  isolated  rock-masaw,  a 
of  the  ground-temperature  takes  place  in  the  linwtow  A1|M  as  Ab 
free  declivities  towards  the  north; — 8.  The  minimtun  ttrtnpefatarr •# 
the  highest  spring!*  in  the  Alps  appears  to  he  0°8'  C  ;—  9-  The  htj^ 
of  the  mountain-ranges  has  considerable  influeuec  on  tht  f)nm^ 
temperatun*.  We  tind  at  e<{ual  altitudes  above  the  f  letd  iht 
warmer  springs  where  the  mean  elevation  is  gnatmr  ;  tht  mi|b»' 
thermal  lines  are  thereby  subjected  to  curvatum  aiMkngaiia  In  tMi 
of  the  lines  of  elevation  in  the  district.  ThfM  cunratnm  t 
in  a  diagram  representing  a  section  of  the  .\lp9.  The 
results  of  the  numerous  obscrvatious  (given  in  a  tabaUta 
pp.  269-273),  made  with  reference  to  the  tenipermturc  of  the  , 
eprings  and  the  isogeothermal  conditions  uf  tliMe  T*f~in1ltm.  Ml 
expressed  in  the  accompanying  table  (see  ofiposite  pa|;e). 

TheChanges  fJTected  on  the  earth'*  turf  ace  by  Erotiom  mmd  Wtmtii^ 
iuff  are  considered  by  M.  Adoljih  SchUgiutweit,  iu  the  tmUUi  <kmta 
(pp.  27-i-31G).  The  Uydrogranhical  conditions  of  th*  AIm  avfaai 
insisted  u|K)n.  The  mass  ana  annual  distributioa  of  tae  Mfimt 
waters  is  noticed,  also  the  determinations  of  the  4|<uuititjr  o(  wOr 
flowing  from  glacier.«,  illustrated  by  a  table.  The  tenpaalaR*  if 
the  Alpine  lakes,  springs,  brooks,  and  rivers,  the  rapiditr  td 
water, with  a  table,  and  (he  powers  of  suspension  and  aoluttoo  i 
by  the  waters  of  the  Alps,  also  accompanied  by  tabirs, 
treated  of.  With  regard  to  the  quantity  of  matter  i 
water,  there  is  considerable  variation  in  lUfTerent  MMona  ottht  i 
and  the  quantity  is  always  considerably  increased  by  hmvy  raaa  lad 
falls  of  snow.  It  is  important  to  notice  the  grr«t  amtntitT  of  aalM 
suspended  by  glacier-streams.  This  is  occasioned  by  the  water,  p*- 
duced  by  the  thawing  of  the  surtace,  having  no  defijiitr  dMOMR  it 
the  bottom  of  the  glacier,  and  forming  a  great  number  of  bttle  atnaat 
tliat  deposit  a  quantity  of  finely  triturated  rock-wihetmo  bctfiMa  tW 
ice  and  t  he  underlying  surface.  B  v  the  frictiou  of  this  Mad  WtA  the  lor 
on  the  floor  beneath,  fresh  detrite^  material  is  alwar*  bcng  pnteid 
for  the  brooks. 

According  to  Dollfuss  the  water  nf  the  ,\ar  near  ita  exit  tram  At 
glacier  contains  142  grammes  of  sus|>cnditl  mattrr  m  ■  cvhte  WKlK. 

Besides  detrital  matter  held  in  Kus|H*nsion,  water  in  rvetr  iaataa 
contains  certain  con-Htituents  thut  liave  been  disaulted  by  it.  That 
arc  very  various,  both  quantitatively  and  oualitatitvlTt  in  llKdilhnrt 
riven,  and  are  cunuectcd  with  the  gencraJ  gutgooatxtl  amJUima  d 
the  difl'ereut  districts,  llie  glaciers  in  high  regioM  are  of  caofae  kt 
poorer  in  soluble  matters  than  the  Khioc  sod  Au.  The  i 
moft  abuudantiv  held  in  solution  is  oirbonate  of  Inae.     A 
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tive  cxnniiiiation  of  the  waters  of  two  alpiive  strcaau^ 
Adolph  ScUlagintweit,  is  here  given. 

1.  The  Moll  at  HeiligeDblut 

37800  grammM  of  the  water 
evaponted. 

Carbonate  of  lime  ... .  03182 0'1M44 

Carliouate  of  magnesia.  0-1334 0-(>0|44 

Silica 0-2719 irO 

Chloride  of  potassium  "1   .. 
Chloride  of  Bodiuui  .  / 

Oxide  of  iron 00363 0-37728 

ManganeM  i>\'2'2\ 

Argilla   . .      i  races. 

Sulphates    tnuxa — 

Saud  iu  suspeusion     . .  0-0733 0-24888 


•0330 


2.  The  Ocu  at  VcaL 


.'iiS« 


0-9882 


1-02230 

Although  both  of  these  rivers  rise  in  the  crysuUioe  slat*  tm 
and  resemble  each  other  in  the  mass  of  the  substaacM  htld  ia  a 
tiuu,  ret  the  nbuve  aiinlysos  show  important  difllcnacea  fe  iWi 
viduaf  eouatitueuts.  This  is  partirulnrly  the  case  with  tlM  ( 
of  lime  and  carbonate  of  raague^ua  ;  tin-  larger  propofttoo  ti  i 
analysis  No.  1,  is  due  to  the  general  distribution  at  carboaate  of  I 


in  ail  the  rocks  of  the   I'pper   Moll  distrirt,  th« 
stratigraphical  conditions  of  whii-h  are  referred  to  in  Cfaaptv  1 
whilst  iu  the  Oetz  Valley  only  a  few,  quite  isolated  Iimfsi/ia«  ■■■■ 
occur.     On  the  other  hand,  the  greater  uruportid  !  e  of  ins 

is  present  in  analysis  No.  2  ;  and  this  is  always  an  :.»,..■.  .-_1  psoAact 
of  weathering.  Yhe  greater  proportion  of  oalcarcoiM  bmBct  m  tkt 
Moll-district  is  of  much  interest  with  respect  to  the  auiua  af  skaa^ 
vations  on  Alpine  vegetation,  given  by  tnr  author  ta  a 
chapter  of  this  work. 

The  histor}'  of  the  hydrognphical  phirnomena  of  tb*  A^M  ia 
ceeded  bv  obserTations  on  Krosiou,  linTing  reference  to  tha 
effects  ot  rivers  as  erodinc  agetitSt  and  their  relation  to  thff  I 
of  valleys  in  general ;  the  sudden  emptying  of  laf|^  iiasmais  ii 
water ;  notices  of  the  course  of  the  great  flood  (from  ttie  bofstiaf  s' 
the  Vemagt  Lake)  in  the  year  181^,  with  a  tab)*,  dinwim  thttt- 
markable  differences  l>etwe<-n  the  time  reqaircd  far  tka  paaap 
through  the  valley  o(  the  great  bulk  of  Uic  flood-water  fraai  pfaai 
to  jilaee,  and  the  usual  rate  of  tiie  river- water  paanoc  Um  SiBt 
places  ;  the  influemv  of  valley -basins  on  the  eoui»e  afgraat  bo^HS  ti 
water  (assi-cn  iu  the  table  above  refened  to) ;  the  transfiart  af  1 
and  shingles  ;  and  the  collecting  of  the  water  of  tin-  .\Jpiiic  lak 

The  subject  of  Weathering,  or  the  mechanical  diimteKrafaaa  aai 
chemical  decomposition  of  rocks  by  means  of  the  *'' '  '  i|tiin  aarf  SM 
precipitations,  succeeds,  and  dcmaods  noticea  of  the  phjrveai  |a» 
perties  of  the  earth  and  its  compoaitioa,  of  tht  iialw  aod  amautaa 
of  humus,  and  of  the  influence  of  vrgctation  on  th>  farmifmi  af  ika 
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earth  ;  of  the  influence  of  glaciers  ou  the  destruction  of  rocky  mate- 
rials, the  formation  of  sand,  the  transport  of  shingle,  laud-  aud 
mountain-slips,  aud  the  movement  of  great  masses  of  di'bris. 

The  results  arrived  at  from  the  study  of  these  and  other  numerous, 
allied  and  subordinate  subjects,  connected  with  aqueous  and  atmo- 
spheric  erosive  agencies,  appear  to  be  : — 1.  The  influence  of  the 
masses  of  "fim  "  and  glaciers  on  the  Alpine  streams  is  not  confined 
to  the  increase,  but  extends  also  to  the  various  ihstribution  of  the 
water  : — 2.  At  a  certain  depth  all  of  the  larger  lakes  have  nearly 
constant  temperatures,  connected  with  the  maximun)  density  of  the 
water :  the  vertical  distance  of  this  stratum  from  the  surface  varies 
according  to  the  mass  of  the  water,  the  form  of  the  lake-basin,  and 
the  season  of  the  year  : — 3.  The  velocity  of  the  mountain  streams  in 
eomparisou  with  the  rivers  of  the  plains,  is  not  in  the  same  mass 
greater  than  their  inclination,  while  their  mass  is  considerably  less  : — - 
4.  A  maximum  velocity  in  the  regular  course  of  many  rivers  in  trans- 
verse  valleys  is  frequently  between  7  and  1 1  Paris  feet  per  second. 
Tlieir  velocity,  however,  is  at  other  places  so  considerable,  that  they 
have  always  force  suflRcicnt  to  move  small  shingle  : — 5.  The  quantity 
of  matter  held  in  ausjieiision  in  glacier-brooks  and  all  Alpine  streams  is 
usually  very  great,  and  exceedingly  increases  their  eroding  power  : — 
6.  By  erosive  action  the  bed  of  a  river  maybe  very  deeply  excavated 
in  the  hard  rock  :  such  channels  reach  their  utmost  development  in 
the  more  inclined  ravines ;  they  remain,  hovever,  confined  to  the 
Tallcy-bottom,  and  have  no  important  influence  on  the  formation  of  the 
ravine  itself: — 7.  The  sudden  evacuation  of  vast  resen-oirs  of  water 
participates  very  considerably  in  the  pheenomena  of  erosion  and  trans- 
port of  rocks.  Owing  to  the  velocity  luid  power  of  these  floods,  it 
results  that  the  volume  of  rushing  water  is  far  surpassed  by  the  mass 
of  rocky  material  washed  down  and  deposited  about  at  different 
places  : — 8.  The  formation  of  earthy  detrital  matter  [Erdkrume]  by 
mechanical  disintegration  and  chemical  decomposition  of  rocks,  pro- 
ceeds rapidly  at  the  higliest  summits.  Its  accumulation,  however,  and 
the  covering  up  of  neighbouring  flat  areas,  are  prevented  by  the  steep 
declivities  and  the  isolated  situation  of  such  points  : — 9.  Vegetation  is 
always  highly  essential  for  the  fixing  of  earthy  matter  on  the  inclined 
sides  of  mountains  ;  hence,  at  great  heights,  and  in  the  absence  of 
the  growth  of  grass,  the  occurrence  of  humus,  even  on  slightly  in- 
clined spots,  is  but  vcrj"  occasional  and  isolated  : — 10.  In  the  Alps, 
particularly  in  the  case  of  the  crj'stalline  slate  rocks,  the  composition 
of  the  eartli  aud  its  physical  properties  are  very  favourable  to  vege- 
tation. Its  proportion  of  humus  is  very  considerable,  even  at  great 
altitudes: — II.  The  glaciers  not  only  aid  in  producing  sui)erficial 
changes  by  the  transjrort  of  their  moraine-masses,  but  also  by  givuia 
rise  to  an  immense  quantity  of  fine  sand,  which  can  usually  be  carried 
far  away  by  the  rivers  : — and  lastly,  12.  That  the  loosening  of  great 
masses  of  rock  by  the  weather  and  water  cause  vast  land-  and  moiui- 
tain-slips  ;  and  the  streams  traversing  the  bottoms  of  the  longitudinal 
valleys,  owing  to  these  fan-shaped,  wide-spread  masses  of  rubbish, 
are  subject  to  frequent  and  considerable  variations  in  their  course. 
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lu  concluding  this  notice,  we  must  mention  tliAt  in  Um 
chapters,   fonning  the  3rd  and  -Ith  Divisions  of  the  ivofk, 
points  closely  connected  with  geognosy  occur  ;  esprciaUy  on  thtt  ttmt' 
parison  of  the  isothermal  lines  of  the  air  with  those  of  the  cvUt,  m 
Chap,  xiii.,  and  on  the  connexion  of  vegetation  with  gcolaf;ieBl  earn 
ditions,  in  Chap.  xxi.  fT  R.  J  1 

On  Aptychus.    By  Leopold  von  Bocn. 

[Leonhard  u.  Bronn'i  Neues  Jt)irb.  f.  Miner,  u.  lw.  1850.  ill,  p.  til  Mkt 
and  Berlin.  Mon«t»-Bcr.  1849.  pp.  36*-3J0.] 

In  a  lecture  given  before  the  Society  of  the  Friends  of  Natural  S* 
itory  at  Berlin,  Fehruary  1849,  Ewald  has  shown.  ttuU  in  the  &» 
phites  binodomt,  R«em.,  from  the  upper  chalk  of  Ilaldem  im  W*au 
phalia,  an  Aptj/chug  occurs,  inaintaming  a  certain  poaition  in  tki 
cavity  of  the  fossil,  so  that  its  medial  line  seema  to  M  taubnilf  A- 
rectcil  under  the  dorsal  line  of  the  Scaphite  (and  raoaeqaMtlY  oniv 
the  siphon,  which  in  the  Ammonett  generally  extend*  aoarwMt  wt» 
the  canty),  its  broad  cud  towards  the  mouth,  and  its  amtrt  mkt 
towards  the  back  of  Scaphite.  Subsequent  to  the  Meeting  of  tbe  X*' 
tural  Philosophers  at  Biatisbon,  September  IH4!),  ■ome  A  the  iniB- 
gists  went  to  Pappenheini  and  Aichstedt,  where  thcT  fitimd  H  the 
collections  of  IIII.  Iliil>erlein  and  Rettonbercher,  and  that  of  tkt 
Duke  of  Leuchtenberg,  some  hundreds  of  AiHrnonilr*  wttk 
Aptychi,  all  of  which,  with  some  exceptions,  had  the  i ' 
position.  In  perfectly  preserved  specimens  their  poaitioa  ' 
towards  the  hindcnnost  wall  of  the  cavity  than  towards  tlw  i 
Queustedt,  in  his  treatise  on  the  fossil  organic  remains  of  (~ 
likewise  mentioned  the  regular  position  of  these  bodira  at  tlat  Im 
of  several  Ammonitrg,  but  did  not  ])ercfive  the  true  dirtctiow  ef  tW 
two  ends.  He  has,  howe\'er,  explained  that  AptyeAtu  poSKasM 
of  a  bone-like  than  of  a  shell-hkc  texture,  being  compoaad  of  i 
tubes ;  tliat  it  possesses  a  shelly  coating  over  the  inward,  «■ 
side  only,  and  n]>on  tliis  side  there  are  incremental  atripea,  fbr  ' 
the  folds,  that  certain  groups  of  AptyeAi  have  on  their  oat 
not  be  mistaken.  The  folded  species  are  pointed  at  thrir  ^ 
end,  b\it  the  smooth  ones  are  round,  and  for  the  most  part  pccvKv 
to  the  macrocephali,  and  particularly  to  Am.  inJUitaa,  an  ;  ' 
the  Upper  Juraf. 

Bunneister  has  communicated  the  foUowiac  opiaioB  ts  Um  i 
respecting  the  position  of  AptyeAti*  as  parts  of  tM  .  ' 
of  the  Cephalopoda  possess  ui>ou  the  bark  a  calrartooa  plate.  ' 
in  the  Sepiet  is  large,  elliptical,  and  ]K>rous,  and  ha*  upoa  oa*  mtl  a 
firmer  horn-like  covering,  which  may  be  compaml  In  tne  tftitimmtd 
molluscs  ;  ui  the  Loliginea,  on  the  other  hand,  it  b  \oBf^  and  ■■!■•. 
and  composed  of  two  symmetrical,  we<lg«-«haped  faalrM.    Apparad^ 

*  Penvfictrnkuade  Deut>cbUii<b,  i.  304  tl  «f. 

t  Corop.  Ilerui.  r.  Mever  Verb,  drr  Leopold.  AcaL  av.  t.  M  i 
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similar  to  these  two  groups  of  Sepia-plates  [Schulpen]  are  the  two 
groups  of  Aptycfivs.  In  the  living  Naulilus,  the  outer  circum- 
ference of  the  sliell  corresponds  with  the  abdomiual  side  of  the  ani- 
mal, but  its  inner  wall,  lying  close  upon  the  former  whorls,  and  pro- 
tected by  them,  corresponds  with  the  back  of  tlie  animal.  Such  also 
was  doubtlessly  the  case  with  the  Ammoniteii,  whose  ventral  side,  not 
being  protected,  was  cxjiosed  to  injury  when  the  aniniid  protruded 
itself  from  out  of  its  chamber.  On  this  ventral  side  were  the  bran- 
chia?,  directly  bcuealh  the  mantle.  If  the  mantle  were  torn,  the 
gills  were  exposed,  and  not  only  was  the  respiration  endangered,  but 
the  anininl's  [)owcr  of  motion  was  also  interfered  with,  because,  as  the 
Ammoitites  swam  by  the  forcing  out  of  the  water  used  in  respira- 
tion, the  animal  with  a  torn  branchial  sac  was  no  longer  able  to  direct 
this  stream  in  a  certain  ilireetiou,  but  was  obliged  to  allow  it  to  tlow 
off  in  all  directions.  If,  then,  we  suppose  these  .■lptiichHii-»\\e\\s,  which 
were  capable  of  falling  or  clapping  together,  were  lying  in  the  abdo- 
minal portion  of  the  mantle  over  the  gills,  then  the  latter  were  pro- 
tected. The  motion  of  the  mantle,  by  its  opening  and  shutting 
during  the  act  of  respiration,  did  not  only  allow,  but  even  enabled 
the  Aj)(;/c/iu3  to  open  and  to  close  itself  again ;  nor  was  there  any 
hindrance  to  the  animars  withdrawing  itself  into  its  shell.  If  the 
soft  parts  of  the  Ammonite  at  death  fell  out  of  the  shell,  the  Apty- 
ehua  also  fell  out  with  it.  Each  species  of  Ammonite  must  conse- 
quently have  had  its  peculiar  Aptychug. 

As  there  exists  also  a  third  group  of  naked  Cephalopods  that  are 
destitute  of  internal  plates ;  so  there  might  possibly  have  existed  a 
third  group  of  Aitnnuneee  without  these  internul  bodies ;  a  circum- 
■tance,  jicrhaps.  exi)lanatory  of  the  fact  of  our  finding  so  many  Am- 
monitet  in  which  no  trace  of  Aptyrhut  is  present. 

[T.  R.  J.] 


On  a  Gypsum  Bed  eontahiing  Lvfusoria.  By  Prof.  Ehrenberg. 

[Monuts-Bericht  Akad.  Wiss.  Berlin,  1849,  p.  193-195 ;  and  Leonbord  u. 
Bronu's  N.  Jalirb.  f.  Min.  1850,  4  11.  p.  491.] 

Infusoria  have  not  hitherto  been  discovered  in  gypsum.  A  speci- 
men of  white  gypsmn, — brought  by  II.  v.  Tsehichatschef,  of  Peters- 
burg, from  the  country  between  Kcpcne  and  Ilamsi-Hadje,  ui  Phry- 
gia, — formed  of  lenticular,  densely  crowded  crystals,  l"'-3"'  in  size, 
which  are  imbedded  in  a  white  cement  of  a  loose  texture  and  effer- 
vescing with  acids, — was  found  to  contain  a  very  great  proportion  of 
particularly  large  and  beautiful  siliceous  Infusoria.  The  geological 
relations  of  this  rock  will  be  detailed  in  the  accomit  of  11.  v.  Tschi- 
chatschefs  Travels.  Microscopic  analysis  gives  -la  determinable 
forms  ;  of  which  38  arc  Folyyagtrica,  6  Pkytolitharia,  and  1  Ento- 
mostracoii  (fragment  of  valve).  From  the  perfect  absence  of  true 
marine  species,  the  prcseuce  of  the  siliceous  parts  of  phanerogamic 
laud-plants,  and  the  occurrence  of  Pinnularia  lUtenana,  cliaracteristic 
of  tlje  Browu-coal-formation  near  llott  in  the  Siebengebirge,  the  au- 
thor considers  that  this  gj'psum  is  of  freshwater  origin,  ana  probably 
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of  the  tertiary  or  Brovru-coal  age.  Eunotia  loagimrm*  aad  M. 
Phrygia  occur  here  as  very  abundant  and  peculiar  forms  ;  die  i 
is  already  remarkable  on  account  of  its  occurrence  in  lh« 
ataube ;  whilst  (he  latter  is  a  new  species.  Ampkora  pmrmdutm  imI 
DUcoplea  Phrygia  are  other  peculinr  new  fomu.  Frttfii»rim  pm^ 
doxa  of  the  Jordan  is  present  here  also. 

[T.  R.  J.] 
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The  Quicksilver  Mine  at  Almaoa  m  Sipaim. 

By  M.  WiLLKOMM. 

[Leonhard  u.  Bronn'*  N.  Jihrb.  f.  Min.  u.  t.  w.  1850,  4  11.  p^  4ft7 1  I 
werlufreund,  1849,  xiii.  p.  72  tl  «rf.] 

These  mining  works  were  known  to  the  Romans.     A 

like  galleni',  the  Socabon  del  Castillo,  lined  throughottt  witb] 

roomy  enough  to  admit  of  carts  with  two  hoiM*  abrcMl,  aad  Urn- 

nished  on  both  sides  with  granite  foot-wars,  pwiw  Ihrn  Uie  lift 

valley  at  the  southern  foot  of  the  ridge,  on  which  Almifa  ia  b«d^ 

into  the  mine :  the  whole  town  is  undermined.     From  Uu>  I 

many  other  passages  are  cut  in  the  clay-slate,  which  is  (Iw 

of  the  ore,  one  of  which  opens  into  the  Boveds  <fe  Saate  Cih^  t 

dome-shai)ed  hall,  51'  high  and  -12'  broad.     Here  fecuwilj;  aleoim 

horse-winch  fur  the  removal  of  the  ore.    The  workings  reach  ■  death 

of  1  MO'.     The  Cinnabar  Vein,  with  a  strike  cast  snd  wast,  aad  a 

nearly  perpendicular  dip  of  from  60°  to  70°,  has  an  alaMJsC  fi^balBas 

bulk.    Ill  the  first  storey,  of  which  the  mine  has  uine,  the  raia  a  1$* 

strong,  in  the  lowest  it  is  60'.     The  stpectade  of  this  coloMal  vaia  if 

ore  at  the  working  places  is  gorgeous,  from  the  darfc-ml  eoloar  ti 

the  Cinnabar,  which  a|i]>ears  sometimes  earthy,  tometiiaca  in  ( 

masses,  and  sometimes  even  finely  crystallixed.     Dispctaed 

it  are  calc-«par  druses,  and  at  many  places  small  holgs  4 

with  pure  quicksilver.  [T.  R.  J.] 


Oh  the  Agreement  of  I^yoopteri's  lccivs  wttk  AaciiRcaaaraxa] 
DecHCMi.     By  G.  Jacer. 

[Lcoulunl  >i.  Oruiui's  N.  Jahrh.  f.  Min.  u.  i.  w.  \tify,  3  II.  |l  SM,  aa4  i 
Akail.  Wia»rii>ch.  Munchea,  IH&U,  y.  pp.  BJT-MM,  |L  St.] 

Tub  Pyyoptfru*  lueitu,  Agasaii  *.  from  tbs  Coat-fenaadoa  ctSam- 

briick,  di'pciided  fur  its  delemiination  on  a  singk  cmWBB  anlh  tactik 
ill  the  i^tuttgnrd  .Miisciini.  The  author,  having  wcti»wl  Avai  IL  «. 
.\lberti  n  iiiiiio  siiiiilnr,  but  Mmirwhnt  larger  tpwaiasa,  fton  the  aat 
localitv,  is  cimhlrd  to  show  that  ihrsr  rrani*  do  B0(  bcloa|f  l«  aiv 
KiKli,  lint  to  a  Iteptilo,  ami  indeed  to  the  gmns  .#rf Ityasaai  ■»,  asa 
M'Ty  probably  to  (he  xprricjt  .1.  Drchenii,  GoUlAus. 

[T.  »  .1  ' 
*  raiswm*  Fomlc*,  I,  ^  Mxvi,  IL  i.  p.  10,  B.  p^  7S  A  Id. 
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Oh  the  Geology  o/ the  Vicinity  of  Trieste. 
By  FaiEDKiCH  Kaiser. 

[Haidinger't  Berichtc  fiber  die  Mittlieilungcn  v.  Freund.  d.  Wuienich.  in  Mien, 
vol.  V.  p.  207.] 

The  results  of  two  years'  residence  in  the  neighboiirliood  of  Trieste 
are  here  ofTcred,  rather  to  serve  as  a  hasia  for  directing  future  inqui- 
ries tlian  as  pretending  to  be  a  complete  [licture  of  its  gt"ol<)g\'.  It 
is  still  n  (juestion  for  anxious  investigation,  to  ascertain  the  relations 
of  the  limestones  of  the  Alps  and  the  Carpathians  with  tliat  great 
sanilstoue  fonnalion  which  passes  under  the  various  names  of  tlie 
Vienna,  or  the  Carpatluan  sandstone,  or  Mncigno,  aceonltng  to  the 
country  it  is  found  in,  and  the  identity  of  which,  though  probable,  has 
only  lately  been  e.stnhlished :  and  when  a  series  of  observations  not 
yet  completed  shall  be  published,  it  is  hoped  that  they  will  throw 
some  light  on  this  inquiry. 

In  the  neighbourhood  of  Trieste  three  formations  arc  distinguish- 
able. Nanos  and  the  greater  part  of  the  Karst  mountains  are  loaded 
with  llippurifet,  some  of  the  specimens  being  very  large  and  wcll- 
prescr-ved,  which  fossils  refer  these  rocks  with  every  jirohnbility  to 
the  upper  chalk.  Large  blocks  derived  from  the  wreck  of  this  hij)- 
purite  formation,  which  also  contains  abundance  of  Tfrehraiuhe  and 
Corals,  are  sought  after  for  economic  purjwses,  and  supply  Trieste 
wiUi  an  admirable  building  material. 

In  this  formation  occur  those  circular-shaped  valleys  [Kesseltha- 
ler]  with  ravuics  and  gullies  1 00  feet  deep,  in  which  the  torrents  that 
flow  into  them  are  lost,  to  be  again  thrown  up  to  the  surface,  as  is 
the  case  with  the  stream  called  the  Tiniavo  at  S.  Giovanni  near 
Duino,  and  at  other  spots  along  the  coast,  as  well  as  from  the  sea- 
bottom  near  S.  Croce.  These  complicated  fissures  have  been  little 
examined,  although  the  right  understanding  them,  partieidarly  that 
through  which  the  Rccca  flows,  woidd  be  most  desirable  for  Trieste, 
which  is  constantly  liable  to  suffer  from  want  of  water. 

H.  von  Morlot's  excellent  treatise  on  tiie  geological  relations  of 
Istria  contains  much  desirable  information  on  that  bead,  as  well  as 
on  the  probable  origin  of  these  cavities  ;  and  as  a  confirmation  of  the 
theory  he  has  proposed,  it  should  be  recorded,  that  a  piece  of  pisiform 
iron-ore  has  been  discovered  near  Trebich,  in  the  wall  of  a  pcrpen- 

kdicular  cleft,  wliere  it  was  protected  from  the  access  of  air. 
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On  ihU  hippurit«  lime»tonc  reposes  anothrr  Iirar«tanr  (anmttam, 
consisting  of  a  numWr  of  parallel  beds  of  no  gmU  ihieknna^  iW 
principal  fossils  in  whicli  are  various  Foramiitifrra,  at  whicJi  ike 
most  remarkable  belong  to  the  genus  yummvlitrt.  This  BiUBiiiwKif 
limestone,  which,  hke  the  liipnurite  limestone,  is  rarcrrd  «itk  ■ 
,  scanty  vegetation,  affords  amjile  matter  for  ftprculatiaa.  la  tW 
•neigbbourhooil  of  Trieste  it  fonns  only  a  narrow  band  io  lk«  Kant 
mountains,  and  its  beds  dip  cimfomiablr  to  thr  '';>  of  iht 

range,  at  an  angle  of  about  10''  to  the  sea.     To  tii.  .1  oar  tt^ 

ception.  Near  the  village  of  Contovt-Uo  a  rond  waa  commraeed  mmm 
years  ago,  and  afterwards  abandoned  ;  but  a  new  one  baa  Mnea  hiM 
completed  lending  from  Trir.nte  Io  the  plaUau  of  the  Kar»t :  tbe 
of  the  surrounding  landscape  from  this  spot  ia  wry  beautiful, 
is  partly  due  to  the  beds  ot  nuuiuiiditic  limotoue,  whidl  bo*  un 
only  vertical,  but  for  some  distance  aloixf;  the  »ea-«bot«  fom  a 
precipice  above  lOU  feet  high,  overhanging  the  maeigno.  Mlih  tkii 
single  exception,  the  uumniulite  beds  range  with  the  <fip  ■MBflHor^ 
forming  a  narrow  zone  between  the  liipnurite  Umortoor  and  tkv 
macigno  from  S.  Croce  to  the  defile  of  Bollinnx,  near  thr  mnMC  of 
the  escarpment  of  the  Karst.     It  is  to  l>e  obsrrrrd.  that  bht  tka 

{'unction  with  the  hippurite  rock,  the  Foramini/rra  in  tbemniaafilr 
imestone  are  almost  of  rnirroseo])ic  niiinitem-ss ;  aiul  it  i>  ia  tkt 
t'pper  Wds  that  the  fonns  l>ecome  larger,  tin-  nuoibrr  of  •pecir*  »• 
creased,  and  the  number  of  individuals  inertHlibly  great.  Tnecltsat 
forms  of  AlreoUnn  loiiga,  J.  *ul/jiyrrnaica,  of  MeltmHem,  mm  <f 
Other  s])ecies  probably  not  hitherto  lU'seribed.  are  found  ia  aim 
abundance.  As  the  l>eds  approach  the  inacif^iiu,  it  ia  elearir  «■■»• 
vable  that  !<peeies  of  larger  dimenHious  and  of  Batter  Mopaftiaaa  as* 
introduced.  Circular  valleys,  siniibir  to  tboee  in  the  Iiip|Mirici  &■»- 
Btoue,  occur  also  in  the  nummulitic,  aa  well  «<■  i-ktittM  bconaa  tkr 
beds  ;  but  neither  so  well  develo]>ed  aa  in  tlu  rork. 

I  have  described  in  a  former  memoir*  the  li......  ...  Um  tMoaaaifer 

limeatooe  and  the  macigno ;  it  is  therefore  only  ntcmuj  for  ■•  i* 
refer  my  readers  to  that  pa|H-r,  and  to  add  that  the  rrsidta  contaiaol  ia 
it  are  perfectly  in  acrnrdanee  with  those  obtained  at  a  later  |M>*J 
from  more  exlen<led  obsen'ations. 

The  maeijpio,  which  fonns  all  the  cnuntrr  inunnSatrlj 
Trieste,  can  iM-st  be  studiril  in  its  vicinitv,  and  t«  bigfalj  ' 
from  the  much-conlestt'd  (piestion,  whether  it  be  the  wmitalaB 
the  Vienna  and  Carputhiau  sandstones,  which  it  mi  i4otelj  mmUra 
in  a  niiueralogical  point  of  \iew.  Though  covered  in  maaj  phcaahy 
a  luxurious  vegetation,  yet  the  ni-w  roads  which  have  fanra  eat  la 
0|H'hiun  and  to  Fiume,  the  uuiirtous  stone  ifuarrio.  antl  aa 
■ea-coa»t,  afford  many  oppuri unities  fur  obM-ning  ihts  fumatioau 

Wherever  it  is  observed  in  the  vicinity  of  Tri'  if. .  near  it>  Jaa»- 
tion  with  the  Umestone,  its  lowest  member  i^  :  '.i-avin^  R**?' 

ish-btue  marl.     Tlie  locality  at  Conlo\el1o  mi.„ '.  aUtrr.  wDtii 

the  b«ds  of  limestone  for  a  short  space  are  vertical,  t*  an  eseeptaa^ 

and  not  an  unimportant  one.    llie  circumstance  of  the  pic^alwa  U 

*  llaiilinger'i  Bcrirhte,  vol.  W.  p.  IM. 
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aluminous  matter  in  these  beds, — that  they  contain  exclusiTely  no- 
thing but  remains  of  Plants,  and  only  contain  Nummulitea  and  other 
animal  remains  where  they  alternate  with  tbc  limestones,  as  at  Ro- 
jano, — serve  to  identify  these  beds,  and  to  prove  them  to  be  the 
lowest  member  of  the  macij^no  in  this  quarter.  Upon  it  repose  in- 
numerable beds  of  sandstone  and  slate-mnrl,  varying  iu  thickness 
from  a  line  to  several  feet :  here  and  there  iron  jiyrites  and  oxide  of 
iron,  and  delicate  dendritic  marking  are  seen  ;  aiid  over  these,  heaps 
of  fragments  of  plants  ui  a  highly  carbonized  condition  and  not  re- 
cognizable. 

The  beds  on  their  under  side  almost  everywhere  are  marked  with 
protuberances  and  raised  lines,  as  go  frequently  occurs  on  the  Vienna 
sandstone.  These  sandy  concretions  even  affect  the  partings  of  marl, 
and  even  sometimes  penetrate  to  the  surface  of  the  sandstone  bencAth. 
One  may  almost  jiersuade  himself  that  they  are  the  tracks  of  marine 
annelids  wbich  they  must  have  excavated  in  the  soft  slime,  and 
which  have  been  subsequently  filled  up  with  sand. 

The  sandstone  beds  are  most  developed  in  the  neighbourhood  of 
the  limestone,  that  is  to  say  in  their  lower  division,  whicb  is  better 
seen  at  the  tops  of  tlie  hills  than  iu  the  valleys ;  for  which  reason 
the  best  quarries  are  those  of  tlie  0|)chinaberg.  The  same  is  proved 
by  the  borings  for  two  Artesian  wells,  one  of  which  has  been  put 
down  in  the  court  of  the  town  hosj>ital,  but  has  not  yet  been  pushed 
to  the  depth  at  which  a  sufficient  supply  of  water  is  expected.  The 
Macigno  beds  near  the  limestone  do  not  dis]ilay  so  many  displace- 
ments,  foldings,  mid  bendings  as  those  at  a  greater  distance,  which 
are  usually  very  thin,  and  so  remarkable  in  their  convolutions  as  to 
attract  the  attention  of  casual  passengers.  Tims  on  the  coast,  be- 
tween S.  Bartolomeo  and  the  Grignano  hills,  a  great  anticlinal 
fold  of  the  whole  mass  can  be  observed,  causing  the  beds  which  on 
the  heights  for  some  toises  above  the  sea  dip  towariL*  the  sea,  to  be 
suddenly  bent  over  and  dip  landward. 

But  the  most  remarkable  circumstance  about  the  macigno  forma- 
tion is,  that  in  several  spots  it  contains  beds  of  nummulitic  limestone, 
which  are  conformably  interstratitied  with  the  macigno.  This  ap- 
pears to  be  8  repetition  of  what  has  been*  prenoa^ly  mentioned  to 
occur  at  the  junction  of  the  macigno  and  nummulitic  limestone,  but 
which  in  this  instance  occurs  at  a  greater  distance  from  the  limestone. 
Thus  some  way  up  the  Opcliinaberg,  in  a  cart-track  near  the  old 
Opcliina  road,  there  may  be  seen,  between  beds  of  macigno,  a  bed 
about  an  inch  thick,  full  of  small  Nummulitet,  entirely  calcareous, 
and  cemented  together  by  oxide  of  iron,  which  goon  crumbles  to 
pieces  under  atmospheric  influence. 

On  the  new  Oja'hiua  road,  about  half  an  hour's  walk  from  Trieste, 

two  pretty  thick  bands  of  limestone,  not  far  apart,  are  seen  to  be 

interstratiiied  with  macigno.     The  lower  one  is  broken  across  and 

'       bent  completely  back  upon  itself :  the  upper  one  is  also  broken  across, 

but  the  broken  ends  are  only  a  little  thrust  one  over  the  other. 

i These  limestone  bands  in  their  lower  part  are  loaded  with  Nummu- 
»  Loc.  cil. 
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Htet,  and  a  Peeten  Una  also  been  fouud  iii  them.  Tkerareof  t 
much  sandier  nature  than  the  Ime  numim-"  :ii  itrmn  </  tW 

Karst,  and  arc  of  a  dark  colour,  prolmbly  ie  at  mm.    It 

was  noticed  above  that  on  the  lower  surluees  ut'  tin:  beds  of  tMopa^ 
protuberances  occur  which  impress  the  clayey  bed*  bdow  UwB  i  tti 
ity  attending  to  this  indication  I  satisfied  mysrlf  that  not  aahr  iki 
beds  of  limestone  but  the  whole  system  was  duuliled  op  OB  itHU*. 

At  one  point  the  upper  bed  of  liuieHtoue  waa  broken  inio  m^md 
pieces ;  vet  the  niacigno  immediately  above  the  firaoMnts  «M  Ml 
broken,  t)ut  merely  bent.  Further  on.  the  Hune  bed  b  •«■  I*  hi 
broken  in  several  parts,  which,  as  in  the  ftmiMr  amt,  Wf»  Ini 
thrust  one  against  the  other ;  ai\er  this  it  bend*  apward  ami  u  m 
more  seen. 

Similar  pheenomena  may  be  seen  on  the  coaat  at  St.  Andna.!* 
following  the  beautiful  promenade  along  the  sea,  which  'n*'**'***  thnc 
beds  very  highly  inclined,  though  but  a  few  toiaca  faigli.  Bat  a 
pretty  thick  limestone  band  b  seen  in  the  madgno,  tho  < 
of  it  being  of  an  arenaceous  character  and  containinK  ' 

mains  {Fuci) ;  whilst  its  lower  part  here  also  coat 

Foraminifera,  j)rincipally  small  Summulitea,  wbidl 

])rotuherHnces  on  the  under  surface  of  the  Umeatoae  aiailv  ta  lh> 

sandy  concretions  on  that  of  the  inncigiio. 

[The  author  gives  a  section  which  exhihita  the  '■«nf*gTl'^  with  ihr 
included  baud  of  Umestone  bent  into  two  syndinal  and  twa  mti- 
clinal  folds.] 

The  surfaces  of  the  cracks  in  the  rock  are  covemi  writh  ' 
rhombohedral  crystals  of  calcspar,  which  is  well  aren  at  the  (p 
indicated  on  the  0|^tchina  road.     A  remarkable  cimunatanre 
is  distinctly  seen  is  this,  that  the  upheaving  furtv  which  haa  4 
the  breaking  of  the  Uniestoite  haa  only  b«9it  the  maci|po ; 
indicating,  tliat  at  the  time  w  hen  these  nwnawi  were  emalMil  I 
the  limestone  must  have  already  become  rigid,  whibt  the 
must  still  have  l>ecii  soft  and  pasty;  while  it  ia  eowaOjr  d 
the  maciguo  since  that  elevation  nas  undergone  no  otaer  on 
movement,  otherwise  the  crown  of  the  arch,  which  ia  ant  «t  I 
materials,  must  have  cracked,  of  which  there  ia  noft  tlia 
trace. 

Relying  on  this  as  proved,  we  may  consider  thr  prcaeoec  of  N^a- 
mulites  on  the  under  surface  of  the  limr«tonr«  and  in  the  m^i^ 
as  their  natural  {)osition,  without  snp^iosing  an  iavmiiaB  of  the  tM 
or  a  thrusting  of  them  one  over  the  othert. 

The  same  limestone,  or  a  very  similar  one,  is  arm  in  a  h>w  hB  ■ 
the  Bay  of  Servola,  where  it  is  pcqicndicular  ai  well  aa  the  hnk 
which  contain  it. 

Similar  relations,  but  on  a  far  larger  scale  than  at  St.  Andrea,  ■! 
attended  with  greater  confusion,  are  iteen  at  the  ■mill  wtal  mutmtt 
of  the  (H'ninsulu  of  Seriula.  Beds  of  sandatoor,  aboat  ihn*  lai 
thick,  which  com|K>se  tlie  lull,  are  fint  teen  1 

*  fTlii*  ''  Ulwtnted  b^  ■  dUgnm. — Ta&KU.} 
t  Coni|>.  U.  voo  Morlot't  iitmcia  uo  Utru.  f.  S 
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again  further  on  at  the  iiromontory  with  a  reversed  dip.  Several 
abriifjt  rooks  are  seen  here  exjinscJ  to  the  force  of  the  wnvcs,  which 
arc  merely  tire  wrecks  of  similar  arclies  formed  of  olteruations  of 
tiiiifstoiie  ami  marly  beds :  it  is  true  that  a  complete  section  of  one 
of  these  biiiuls  is  not  visible  as  at  St.  Andrea  ;  but  it  is  to  be  inferred 
tlmt  tlicy  have  existed  from  the  convergence  of  the  beds  and  their 
[iri'vailing  strike.  Here  also  the  beds  of  the  macigno  are  not  frac- 
tured, liny  more  (him  the  sandstone,  wliich  is  sometimes  i)retty  thick. 
Tliree  of  tliese  anticlinal  axes  converge,  so  as  to  resemble  tliree  inverted 
cones  whose  apices  all  point  tn  the  same  centre.  These  arched  beds 
hi  tlieir  u|)per  part  are  of  a  more  sandy  natnre,  rcsembliiif;  the  usual 
nincigno,  Imt  they  soon  become  purely  calcareous  and  swarm  with 
Nitminatitffi,  some  of  the  species  being  ns  large  as  those  at  Itojano 
on  the  decUvity  of  the  Karst.  I  have  found  them  IJ  inch  in  dia- 
meter. They  arc  also  very  abundant  in  a  bed  of  clay  which  imme- 
diately miderlies  the  limestone. 

It  is  very  striking  to  ob3e^^•e  the  pa.ssage  of  the  sandy  beds  into 
limestones,  since  at  the  time  of  the  ujdieaval  lliese  tatter  could  not 
have  acfpiired  their  present  consistency;  otherwise  ttiey  must  eitlier 
have  resisted  the  pressure  or  been  fractured.  Together  with  the 
Nammulites  other  iimrinc  remains  are  found  here,  for  instance  Eehi- 
niles  (Spalait</tial),  Coi'als,  and  a  J'rr.teii. 

At  the  other  extremity  of  the  penhisnla,  iii'ar  the  hill  called  S. 
I'antixleone,  a  very  similar  llniestone  a]»pears,  but  with  nineh  simpler 
relations:  the  fossils  are  the  same,  but  the  erneks  in  tlie  limestone 
are  tilled  with  wliite  stalaetitic  incrustations  which  cannot  have  origi- 
nated in  the  immediately  overlying  beds  of  clay  and  sandstone. 

The  geological  relations  of  the  rocks  on  the  shore  of  the  Gulf  of 
Pirano  tn  Capo  d'Istria  are  still  simpler  than  those  of  the  ojiposite 
shore  of  Trieste,  but  not  less  deserving  of  remark.  For  these  two 
iiiiles  ailing  the  shore  tlie  macigno  forms  horizonlnl  strata  of  uniform 
thickness,  which  compared  to  the  Trieste  beds  exhibit  very  slight 
disturbances.  Near  I'irano  the  coast  forms  ahnust  a  right  angle, 
wliieh  enidiles  one  to  see  that  the  beds  dip  about  1 1°  to  the  south- 
ward. Here  there  is  a  very  remarkable  yellow  limestone,  about  three 
feet  thick  and  very  hard,  interstratified  between  thin  beds  of  marl 
and  sandstone,  and  most  exactly  eonfnrmuble  to  their  beddhig,  at 
the  same  time  without  producing  the  slightest  change  iii  either  the 
under-  or  over-lving  stratum,  which  is  not  the  ease  in  any  one  of  the 
situiitiims  hitherto  described.  The  upjier  part  of  this  bcil,  which  is 
the  more  arenaceous,  contains  the  same  Fiici  as  the  macigno  :  in  the 
middle  and  lower  jiart  thev  are  wanting  :  but  for  the  thickness  of  an 
inch  the  lower  part  consists  entirely  of  Niiiiiiuitlltex,  which  in  size, 
shape,  and  even  in  colour,  closely  resemble  lentils.  This  rock  has 
a  singular  ap|)earanee,  in  consequence  of  certain  fLssurea  which 
run  in  a  transverse  direetinn  to  the  bedding,  and  for  the  ujiper  and 
liiwer  third  are  even  perpendicular  to  it.  The  course  of  this  rock, 
ufier  it  has  sunk  belinv  the  road,  can  Btill  be  traced  out  to  t>ea  by  a 
line  of  iirojecting  reefs. 


The  strike  of  this  bed  can  be  rcadilv  followed  along  the  coast  to 
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Ittola :  to  tlir  eastward  at  Pimno  it  nwVn  e;nulually  Crma  the 
mountains  to  the  sea,  which  howcvi-r  it  tiexir  rc*cke«. 
there  it  is  broken  through  bv  abrupt  ravines  and  cotrcnd  bj  alaxi 
vegetation.  This  is  remarkably  the  case  at  au  old  laltwark  BM 
promoutory  called  "  Punta  Itonco,"  at  which  point  the  raagtof  UIK 
ill  whose  escarpment  the  limestone  is  !>e«ii.  turtis  ia  a  kuidvadA' 
rection.  It  is  very  deserving  of  altention  that  the  luMaMBB  ii  Ik 
variably  attended  by  a  greyish-bliif  marl  which  lOfSM  its  IwUlihH 
been  already  observed  of  the  upper  beds  of  the  BmUMdiUC  liaMMar 
in  the  Karst  hills. 

The  main  road  from  the  saltworlc  to  laok  IcMb  tnm  the  fa»- 
stone  bed  u|)  a  hill,  which  Consists  of  nudpiO  dip|Mn|>  •  Bttle  lathi 
south.  t)n  the  summit  the  road  leads  for  a  few  tanca  ahay  As 
marl,  and  then  again  the  Umestone  with  its  numrroos  fisMuu  apyon 
from  mider  it,  forming  the  covering  of  the  lull,  and  reniiadiag  aa  hj 
its  poorer  vegetation  of  the  barreu  limestone  rocks  ot  the  Kmm. 
However,  it  is  only  necessarv  to  descend  •  few  paces  by  the  faat-«aBi 
to  Isola,  to  satisfy  oneself  tliat  the  linu-stone  in  qtiestion  is  aMsdk 
this  single  bed  t  have  described,  whirh  hen*,  near  the  chapd  if 
8.  Maria  of  Loretlo,  covers  the  ridge  of  hills  for  »oine  dhMaaca. 

Under  it  lie  beds  of  nmcigno  several  hun'  '  ''  thi^ 
form  the  sides  of  a  semicircular  volley,  on  wli 
stands  the  town  of  Uola,  on  a  promontory  st  soiac  hrtght  ah«s*  ikr 
sea.  The  l)ottom  of  the  valley,  as  well  as  the  prasnsmlarjr.  eaaMt 
of  grey  hard  nummulitic  limestone,  covered  here  and  there  wMha^ 
the  junction  with  the  macigno  b<>ing  rovered  with  detritna.  D— 
ever,  if  it  be  borne  in  mind  that  the  In-dt  of  llie  iiummitfile  liar' 
Ktuue,  like  the  macigno,  are  nearly  honzoutal,  with 
the  south — that  the  macigno  gives  no  evidence  of  a 
beds,  and  their  original  lines  of  deposilitm  seem  to  hase 
no  considerable  change — if  it  be  remembered  Uut  ia  the 
not  only  a  hot  spring  but  also  a  cold  s|iri'"'  ■■''  '"(«» 


( 


I 


dance  bursts  out,  which  becomes  very  mm ! 
circunuitauc«-,  with  great  prubability,  couikciv  muii 
cavernous  Umestone  of  luuer  Istria — (in  which  case  it  is 
that  there  is  uo  water-bearing  stratum  between  the  Isola 
that  of  Inner  Istria,  such  as  the  macigno  woidd  haw 
to  these  considerations  be  added,  that  here,  as  in  other 
stratum  of  macigno  nearest  to  the  limestone  is  a  awrrisH  hlaa  aaii 
«  the'liwaslaai    J 


which  has  hitherto  always  been  found  overlying 
this  being  considered,  it  is  not  hazardous  to  aiiinn,  in  the  ahaan^ 
positive  proofs,  even  without  the  analogy-  of  the  Opchiiiabetg,  Aa( 
these  macigno  beds  overUe  the  Hmestonc,  and  arr  a  newer  fonaatMa ;     a 
which  the  abundance  of  XiiMmiililea,  now  acknowlfdfciil  aa  ttrtimy  fl 
fossils,  would  alone  have  made  jirobable.  S 

Along  the  shore  from  Isola  to  CarKi  d'Istria  thii  LataJ  o^liaMaaaBt 
again  a|ipears  in  the  marigno,  hut  (lips  ocvajnuuallT  beneath  the  «»' 
level.  In  this  part  it  is  thicker  than  in  the  pievioastv  drvfibd 
loealiliea.  Iteing  luitallv  alumt  'J  fret  thick  :  iu  aU  other  WspnlJ  it  • 
the  same,  so  that  on^y  one  spot  drM-rvcs  to  be  mnuiuocj  ia  the  | 
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neighbourhood  of  Capo  d'Istria  where  the  limestone  band  is  broken 
across  and  seems  raised,  while  tlie  macigno  which  contains  it  only 
undergoes  a  sliglit  twisting  of  ita  bed. 

The  facts  described  seem  to  warrant  the  following  inferences  : — 

1.  The  hip|uirite  limestone  hes  imder  the  nummnlitic  Umestone, 
and  the  latter  under  the  macigno. 

2.  A  tranquil  deposition  took  place  from  the  formation  of  the 
nummulitic  limestone  to  that  of  the  nmcigno. 

.'1.  The  macigno  was  deposited  before  tiie  limestone  was  upheaved, 
which  is  distiiictlv  proveil  by  the  lower  macigno  beds  having  uiuler- 
gone  the  same  contortions  as  the  contiguous  hniestonc  beds,  as  seen 
at  U])chinn. 

•1.  At  the  time  of  the  elevation  of  the  Karst  mountains  the  lime- 
stones were  consuUdated,  while  the  macignu  beds  were  yet  soft  and 
flexible,  and  accordingly  were  in  some  cases  easily  bent,  contorted, 
and  even  thrown  over,  of  which  the  best  examples  are  on  the  Opchina 
road. 

a.  The'  macigno  since  it  was  upheaved  (which  must  have  been 
subsetiuent  to  the  nummulitic  epoch)  has  undergone  no  change  of 
any  conseqiitnce. 

Nevertheless  many  objections  have  been  raised  against  several  of 
these  conclusions ;  for  instance,  the  assertion  that  the  macigno  is 
newer  than  the  immniulitic  limestone,  even  in  the  vicinity  of  Trieste  : 
and  without  entering  inl<i  the  intricacies  of  the  Vieinia  and  Carpa- 
thian saudstoues,  it  is  clear  that  great  caution  is  re(|uired  in  fixing 
the  age  of  the  macigno.  II.  von  Morlot  *,  who  examined  Istrin  so 
carctnily,  from  observations  made  at  Pinguenle,  considers  the  macigno 
older  than  the  niiinmiditic  limestone.  In  the  same  way  observations 
made  ut  the  valley  of  Bolliunz  and  the  hill  of  S.  Servola  above 
the  village  Dollina,  would  lead  to  the  conclusion  that  the  nmcigno 
underlay  the  nummiditic  limestone.  In  fact,  at  St.  Sen'ola,  high  up 
the  hili,  the  macigno  seems  to  dip  under  the  limestone ;  yet  on 
the  declivity  towards  Os)>o  the  limestone  seems  to  lie  lower  :  more- 
over the  grotto  of  St.  Servola,  which  sinks  to  a  considerable  depth, 
never  reaches  the  macigno,  which  would  have  been  the  case  if  it 
underlay  the  limestone.  II.  von  Morlot  has  justly  observed,  that  a 
bed  of  blue  ninrl  lies  between  the  nummulitic  beds  ;  but  on  the 
northern  side  of  that  same  mass  of  liiiiestone,  which  j)resents  a  deep 
perpendicular  escarpment,  a  blue  marl  and  then  a  ma.ss  of  macigno 
are  seen  to  repose  most  incontestably  upon  the  limestone. 

Ix't  it  suffice  for  the  present  to  have  indicated  the  doubts  suggested 
liy  these  intricate  relations,  and  to  indulge  in  a  hope  that  they  will 
be  ere  long  removed. 

The  very  remarkable  rocks  constituting  the  promontory  of  Gri- 
gnano  ought  here  to  be  noticed,  which  advances  into  the  sea  about 
a  mile  from  Trieste  in  a  N.W.  direction.     Blocks  of  rock  of  the  size 

*  II  shiU  \k  iti}'  cndi'aviiiir  tn  ascertain  v  liethcr  ut  ring;uentc  aii>l  otlivr  places 
ia  Istria  lliat  learned  author  bus  not  liiflilril  ii|M)n  a  hand  of  NninmulUes.siniiUr 
tu,  if  not  idcntiral  uilli,  that  uhich  I  have  dcjcridcd,  ami  which  uufoftunately 
lie  lias  uot  Kvii,  hulnecn  I'iranu  ami  t'ajM)  rl'Islriiu 
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of  a  house,  containing  NummHUlea  of  all  sixes,  Tereirmtnht, 
bpines  of  Cidaritet,  &c.,  are  found  somctinies  Wing  «>  tl»e 
sometimes  inclosed  in  it,  in  which  latter  case  the 
remarkable  dislocations  near  its  edge  ;  and  sometiin-  •  ^■■ 
|iroject  out  of  it.     From  these  ajiparentlv  contrni 
we  may  gather,  that  these  rocks  were  not  tormcd  oi  uruna  w 
thrown  down  upon  the  macigrio,  but  that  tliey  were  alrMdy 
dated  when  they  came  into  collision  with   the  nuMM*  oC  i 
which  were  still  suit.     If  the  prolilem  were  nut  attended  hf 
nical  ilitficulties,  one  might  assume  that  these  blocks  had 
from  the  high  chain  of  limestone  to  the  north  i  but  oatfl  mtm 
rate  in(|uiries  have  tliruwu  light  on  tliat  unknown  qiocli,  tlwae 
cannot  be  solved. 

[J.  C  M.1 
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Oh  the  Comparison  of  the  German  Jura  Formatiobi  »*tk 
those  o/Fka.nck  and  England.     By  Oscar  Fraas. 

[Leonlurd  u.  Bronn's  Neuc*  Jiilirbuch  t  Min.  u.  *.  w.  ISM,  2  II.  fL  IJ^U^]  ' 

The  older  the  formations  are,  the  easier  is  their  mmt 

each  other  in  the  different  (listricta  of  the  rnrth's  suriai 

the  further  we  trace  the  genesis  of  the  eartli  in  iu  cariirr  time^  tk 

more  unilbrm  do  we  find  the  soil  and  cliniatv  with   itjt  inlHitittHB; 

so  that  species  exist  in  the  Transition  rucks  which  an  : 

Asia,  £uro|HS  and  America.      In  the  newer  formatioa*  tltia 

nomenon  never  re-occurs,  because  the  younger  tlte  euth 

the  more  manifold  are  the  conditions  of  aou  >nd 

Jurassic  periixl,  then,  soil  and  climate  have  alrouiy  Iwcomp  aa 

that  it  is  only  by  a  comparison  of  the  Mmc  ftratum  ia 

countries  that  we  can  arrive  at  a  decisioa  with  respect  to  iU 

iicatioD. 

The  dissimilarity  of  the  bottom  of  the  >c«,  »nd  that  of  tha  baj* 
gulfs,  exerted  an  influence  upon  the  formation  of  itnta  too  pHt  tm 
admit  of  an  extensive  deiK)sit  apficAring  rvrryTthrrr  the 
Besides,  there  were  the  conditions  of  the  shores,  the 
distance  of  the  laud,  the  dej>th  of  the  sua,  the  muutlts  ofri'vefx 
local  influences  in  general,  by  which  the  same  stration  muat, 
fcrent  parts,  have  lH>en  dilfeR'ntlv  foniied.  Theyoun|frT  the 
strata  are,  eonse<{uently  the  more  apparent  iKX'xtmr  the  diflVrent 
couditions  of  u  stratum.  Whilst  the  de|KMits  funning  (be  ** 
Jurassic"  nx'ks  are  pretty  siinilnr  in  diflervul  couutriM,  they afa«a4hi 
differ  iu  a  greater  degree  in  the  "  bruwn  Junuiie"  Mjiu^  wmk 
iu  the  "  while  Jurassic"  rocks  the  characters  are  to  manifcH.  tWt 
it  is  ini|K>8aible  to  prove  the  ideutity  of  certain  strata.  The  Jnetm- 
and  6'ryni«<r-liiucstoue8  arc  found  evervwhcre,  froai  Swafcia  Co  B^ 
gkud  i  ihfj  oonuneucc  the  Jura-formation.  But  thoae  which  turn 
the  last  member  of  the  series,  the  Portland  Umratooea.  mv  ari) 
found  ill  UorH'tsliire  ;  idcnlically  similar  rocks  and  foaaib 
nowhere  <-Im-,  iuasmuch  as  the  Portland  group  i«  tba  m«k  af 
ditioiu  mIucIi  arc  wanting  in  other  l<Halitie».     INuthuMl 
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neither  found  in  Swabia  nor  in  Switzcrlnnd ;  but  there  are  synchro- 
nous deposits  which  may  be  paralleled  with  it.  In  general,  therefore, 
in  speaking  of  a  comparison  of  the  Jurassic  rocks,  we  have  less  to  say 
of  strata  of  tlie  same  character  than  of  the  same  time,  and  we  are  con- 
fined to  the  synchronism  of  the  formation.  Therefore  the  task  of 
comparing  the  Jurassic  rocks  of  different  localities  infers  the  com- 
pariijon  of  synchronous  deposits  with  each  other,  and  the  cousider- 
atiou  of  their  local  differences  and  conditions,  as  well  as  the  sjtecics  of 
animals  and  plants  contauicd  in  them.  The  result  of  this  examina- 
tion will  be  a  restoration  of  the  form  of  the  sea  at  tlie  Jurassic  epoch, 
its  extension  and  boundaries,  together  with  its  inhabitants.  In  order 
to  accomplish  this,  the  observation  of  the  local  influences  upon  the 
formation  of  the  strata  is  of  the  greatest  importance.  We  have  there- 
fore to  observe: — 

1 .  The  injtuence  of  the  shore ; — its  eonilition,  mid  its  proximittf 
or  distance  [to  the  place  where  deposition  is  going  mi] . — The  Lias 
sandstone,  for  instance,  which  is  stiongly  dcvelo[ied  in  Swabia  in  tlie 
lower  "black  Jurassic"  series,  is  never  found  af\cr  leaving  the  Jura, 
until  we  reach  northern  England,  in  the  form  in  which  it  occurs  with 
us.  There  it  reappears,  because  the  causes  of  its  development  are  the 
same  as  in  Swabia.  The  Lias  sandstone  is  nothing  else  than  the  de- 
position of  the  Lias  together  with  the  Keuper, — the  transition  of  the 
one  foruiation  into  the  other.  The  yellow  upper  Kcuj)er  sandstone, 
which  is  itself  merely  a  contiiuied  deposit  of  Keu)>er  sandstone,  is  the 
first  condition  and  factor  of  the  Lias  sandstone.  The  circumstance  of 
sandstone  being  formed,  generally  speaking,  proves  the  presence  of  a 
shore  consisting  of  sandstone  ;  which,  loosened  in  the  water,  gave  rise 
to  new  precipitations  in  another  form.  The  sandstone  shore  in  Swabia 
was  the  Ulaek  Forest,  ui  the  East  of  France  the  Vosges.  The  further 
we  go  away  from  these  sandstone  shores,  the  more  destitute  is  the  Lias 
of  the  sandstone  formations.  Thus  also  were  fornu-d  similar  strata 
of  the  lower  *'  black  Jurassic"  formation,  which  a])pears  as  an  alter- 
nation of  lime-  and  sand-stone  in  proximity  to  the  shore ;  and  far 
from  the  shore,  in  the  deptlis  of  the  sea,  as  a  pure  calcareous  de[>o8it. 
Normandy  is  a  normal  type  for  pure  pelagic  precipitations, — forma- 
tions far  from  the  shore  iii  the  open  sea.  Here  saudbtone  is  not  at 
all  known  in  the  Jurassic  series.  The  thickness  of  the  strata  is  quite 
insignificant,  because  accumulations  are  not  possible  in  the  open  sea. 
Ill  this  Lias,  sauriaas,  fisb-tcetb,  and  breccia  (which  ])rove  the  prox- 
imity of  a  shore)  are  either  not  found  at  all,  or  are  excee(Ungly  rare. 
At  Fontaine  Etonpefour  (Dejinrt.  Calvados)  the  whole  Lias  is  from  6' 
to  8'  thick,  but  even  in  this  thickness  all  tlie  divisions  of  the  Lias  arc 
represented  in  miniature; — a  proof  that  the  thickness  also  of  the 
strata,  and  not  their  materials  only,  depend  upon  the  proximity  or 
distance  of  the  shore. 

2.  The  depth  or  shallowness  of  the  sea  exercises  an  influence  upon 
the  rondiiions  of  its  inhabitants,  and  consequently  uj}on  the  species  of 
the  imbedded  organic  remains. — We  seek  in  vain  in  the  Swabian  Lias 
for  corals,  which  are  especially  evitlcnce  of  shallow  seas  :  Calvados  is 
very  rich  in  thcui.  luBiugimdy,  the  Jura,  undNormaudy.whole  banks 
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Riid  reets  of  corals  are  met  nith  in  the  "  brown  Ju 

Swabia  they  are  rare.    With  the  depth  of  the  »ca  the  i. 

also  related  ; — the  Terebratulte  and  Spiri/eri  of  l\ie  1 

large  in  Calvados  as  in  Swabia ;  the  Ammonite*  of  Um 

grow  here  to  liuch  a  gigantic  size,  that  one  who  has  oofy  MB  Vm 

Swabimi  specimens  can  scarcely  recogrnize  them  a^pun.     We  i 

point  out  that  the  materials  also  of  the  depositi,  and  lliiii  | 

less  thickness  are  connected  with  this  point. 

3.  The  quality  of  the  water. — Apart  from  the  nacaj  '■ 
currents  iu  the  sea  which  carry  with  tlicm  lime,  qiuirtji, 
matters,  to  be  contribute<l  to  the  formation  of  rucki,  tlw-re  i 
cially  two  great  cau.^s  which  sometimes  conjointlv,  and 
in  guccession,  are  continually  at  work,  contemporaoeaualT 
stratum  with  varying  characters  at  different  place*.  T^cse  i 
ant  factors  are  the  salt-water  and  the  rivrr-watcr.  Tbe  (anuu  u  Mr- 
ticularly  adapted  to  form  limestone  W-ds,  cotai$iaa^  c(  0»g,  mtm 
scarcely  distiuguiithable,  reuiuonts  of  molluscs  and  soo^jlca.  fe 
mains  of  a  few  plants  and  bone$,  scattered  about  withaat  ordo;  k^ 
valves  with  their  separated  shells,  and  reuiaina  of  oUmt  mHlTWH.  Kr 
buried,  or  rolled  up  in  heaps,  more  or  leas  water>woci>.  Bat  wkoc 
river-water  unites  itself  with  the  sea,  there  the  depoaiu  coaMit  ^ 
clay,  argillnceous  limestoncK,  aud  sandstone!),  aeoardini;  to  tiie  i 
of  the  soil  through  which  the  rivers  take  their  eowae  ~~ 
strata  here  exist.  Remains  of  plauta  and  wood,  Samrii 
are  conmion.  The  moUuMs  lie  frequently  grouped  into 
nests  together.  Fi.\ed  corals  are  entirely  wautiiig. 
has  ventured  to  exjthun  from  these  two  causes  alooe  the 
of  all  the  fonnations.  Among  the  Jiinumc  stntt*  be  poiote  ool  ■•  ^ 
marine  formation  the  Arietea-  and  (irypkm»htit,  the  oofitie  !■«> 
stones  of  the  "  brown  Jurassic  "  series,  the  Great  Oohte,  the 
eephali-hed,  the  coral-rag,  and  Portland  limrstooe ; 
marine  fonnation,  the  Lias  sandstone,  the  "  black  Joraem;"  cfarai 
marls,  the  sandstones  and  clavs  of  the  "  brown  Juiaaar "  an 
titc  Uxford  clay  *,  and  the  Kinniieridgc  clay.  .\t  aU  rwnta  w«  I 
see  how  one  stratum  is  variously  formed  iu  diifercnt  Imaliliia,  i 
cording  to  the  local  intlueuce  of  the  sea-water,  either  bjr  kadf  «C 
connection  with  river-wafer. 

If  we  regard  the  different  Jnrn-forniatiuns  from  thia  poiat  of  i 


we  see  also  the  im|)os9ibdily  of  having  common 

ferent  strata.     Most  of  the  names  are  only  correct 

and  have  oidy  a    «{>ccial  meaning;  but  a«  soon  m 

names  are  a|iplied  to  other  similar  strata  thcv  cuafuae  i 

What  eonfu^ion  have  the  a|i)>cllation«  BraJfonI  dav, ' 

Kimmeridge  clay,  and  particularly  the  I'ortland.  almdv  i 

German  JurasKic  fonnation  !    The  (iennanx  have  iodeed 

W  prnnd  of  (heir  Jura-scrics,  for  in  no  other  coiuUrr  ha*e'th(» 

rocks  foQiid  such  clear  stmtigntphical  development.     NlliT  dn  thn 

still  give  to  ninny  a  grnuinc  (iennan  stratum  an  F^ngli*h  Hunr  mkim 

•  [Sre  alko  Mr.  R.  N.  MuitrU  on  ihe  OoUte  o(  Viiilt,  Qa«l.  JMrm.  Csiri.  ML 
val.  %u  p.  31i. — T«AN»«_j 
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by  its  application  becomes  false  ?  I  am  certain  that  there  exists  uo 
Bradtbru  clay  eitluT  in  Germany  or  in  France, — that  grey  clay  of  the 
S.  of  England  at  the  top  of  the  Great  Oolite  vrith  its  abundance  of 
fine  Apiocriiiitas  inlermetlius,  elongatus,  and  Parkinaoni,  and  with  its 
herds  of  well-preserved  Terebraliila,  Avicula,  Mijee,  &c.  In  Swabia 
we  have  nothing  similar  ;  the  Bradford  clays  are  a  peculiar  local  for- 
mation of  the  south  of  England.  So  it  is  with  "  Kimmeridge  "  and 
"  Portland," — they  are  anil  remain  local  names,  which  cannot  be  ap- 
plied to  the  deposits  of  other  localities. 

The  names  of  the  strata  according  to  their  fossils  are  of  greater 
value.  In  so  far  as  the  typical  shells  in  the  diflcrcnt  strata  are  the 
■me,  by  comparison  we  soon  arrive  at  some  degree  of  clearness :  but 
here  also  we  meet  with  peculiar  ditHcullies ;  because  those  orga- 
uisms  which  are  leading  in  one  country,  and  which  give  the  name  to 
the  stratum,  disBji]>ear  from  this  stratum  in  other  countries,  appear- 
ing agaiu  as  typical  characters  in  a  higher  or  a  lower  stratum.  This  is, 
for  instance,  the  case  with  Aminoniteii  Parkinsoni :  Li  Swabia  it  is  the 
type  for  the  stratum  above  A.  coronatus  and  beuesth  A.  macroce- 
phalua  ;  in  France  and  England  it  is  the  typical  shell  for  the  lower 
Oolite,  and  is  followed  by  A.  Miirchisorife,  A.  tl umphriesianun,  and  A, 
cnronatvt.  In  the  same  manner,  we  can  neither  use  for  France  or 
England  such  appellations,  so  well  adapted  to  the  German  Jura-rocks, 
AS  Ama/t/ieiu-hed,  opalinus-c\ays,  Jurennig-matls,  l^ei/phice-lime- 
itones,  and  othere,  because  the  fossils  referred  to  appear  there  either 
not  at  all,  or  very  rarely,  and  other  kinds  of  fossils  are  found  which 
charactprir-e  the  stratum  better.  A  synonymic  esamiuatiou  of  the 
ilitferc-nt  stratum-names  is  therefore  necessary  for  the  comparison  of 
the  Jurassic  rocks. 

A.  Black  Jura.     Lias. 


The  foundation  of  the  Lias  is  not  always  the  Keuper.  Almost  as 
frequently  it  is  an  older  rock,  of  the  secondary  or  primary  age. 
But  sandstone  formations  in  Lias  are  always  connected  with  the  deve- 
lopment of  the  Keu]ii'r  series.  The  close  connection  of  the  Lias 
sandstone  and  lliat  of  the  whole  black- Jura-rocks  with  the  Keuper 
cannot  at  all  be  denied.  Hence  some  French  geologists*  regard 
the  Keuper  sandstones  as  liassic  beds  inferior  to  the  "  Jura,"  be- 
cause the  Keuper  in  that  part  apjiears  much  too  insignificant  to  be 
regarded  as  a  formation  of  itself.  In  Swabia,  where  the  Keuper  and 
"jura"  Formations  are  so  distinctly  separated,  this  is  regarded  as  an 
important  error.  But  the  slight  development  of  the  French  Keuper 
is  an  excuse  for  those  geologists  who,  Irom  its  insignificance,  added 
it  to  the  "  Jura."  Eveu  the  whole  Trias  to  the  west  of  Lorraine  be- 
gins to  disapi)ear. 

The  boundary  of  the  Lias  consequently  varies  considerably.     In 
Germany  it  is  everywhere  the  Keuper, — sometimes  the  upjier  sand- 
stones, sometimes  the  red  marls.     Likewise  so  in  Swittcrland  and  in 
I  the  Jura,  although  nothing  certain  can  be  obsen-ed  here  on  account 

H    of  its  confusion  at  nmst  places.    Towards  Burgundy,  however,  the 


Sec  Thirria,  Notice  «ur  le  Jura  lif  la  Haute-Saoiic. 
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Kcupcr  gradually  dimiuishes  in  thickneM.     It  ccfUtnly  c»e» 
niitki'S  iu   appearauw,  leaning  against   the   MUidslaaei  ti 
I'raiicc,  in  Chcr-Ucpnrtmcnt,  aud  at  the  Canal  du  Centre  i 
froni  8uch  sandstone  beds  it  is  rediicinl  to  a  nunimnai :  w 

rock  takes  its  plaec  at  last  (Avallon),  and  it  now  diaBpncMB _. 

so  that  the  Lias  rests  upon  granite.  The  Keiiper  nul  Triaa.  tWw 
tore,  disap])ear  entirely  i'roni  the  HourbunnaLt  tu  Kagfcuid.  la  Cat' 
vadns  aud  Sarthe-Departnient,  the  bounilary-coaditioaa  an  voy  Mli^ 
esting ;  here  the  blue  ./r(>/r«-liniestone8  lie  immediataly  opOB  ikc 
red  Transition  sandstones  with  Trilubites,  facta  which  any  ba  a^ 
served  between  Caen  aud  Alen^'on  at  tuauy  pUon  in  Um  v/mnm 
near  the  road.  The  line  of  distinction  )H-tween  th(M  two  doaaly  ad- 
jacent formations  is  so  absolute,  that  oue  can  kiiork  off ' 
mens  consisting  half  of  Trilobitc  saudstonc,  lialf  of  blue 
with  Lias  fossils.  A  retuarkable  appeanuire  scru  here  ia, 
uf  the  sandstone  are  inclosed  in  the  Ariete»-h.me«U>ua, 
the  younger  calcareous  marls  of  the  middle 
-4riV/e«-bcd8  :  aud,  on  the  other  hand,  the  ' 
into  the  clefts  and  crocks  of  the  saudatoue, 
hardened. 
The  extent  and  divisions  of  the  Lias  arc  dit 
Sometimes  the  Lias  forms  only  a  suih 


tkr 


and  there 


i>rita 


ii\g   the  steep  sides  of  the  mountjuns,   and  sunirttmea  it 


into  plains ;  the  different  strata  of  the  uutler,  roiddir,  and  MMit 
Lias  are  ofleu  arranged  one  upon  another  regularly  in  a  ti  iiatt  mt 
form;  aud  olteu  the  terraces  api)ear  as  if  they  »»ir.-   i!rsw«  avaa 
from  each  other,  the  different  strata  lying  near  <  >  r  at  tW 

same  height.      Here  must  the  Swabian  Jura-rocL.v  ...    ...-c-n  ••  the 

normal  type,  for  in  no  other  couutr%-  are  the  boddiuf  o(  thr  atnta 
and  the  terrace  forinnliou  better  marked.  In  Swabia  aoaaeliiaei  the 
Lias  has  a  plain-like  extension,  according  tu  the  dmrdofaacnt  of  tta 
Keuper  boundary  (an  between  Kyneh  and  Set.'    '  TQIwiKai  mA 

Stuttgart,  lU'ms  and  Kocher,  Ellwaiigt-n  aixl  i  )  mmm^omm 

it  presentM  only  narrow  strips  (as  at  the  Wutaeli.  Lp|MrNMfar. 
between  llechuigen  and  lU'utlingt^u) ;  but  cveryi»liat»  ae  mb* 
arrive  at  a  correct  result,  hecaujtc  the  separate  itnla  are  BH^f 
di.it inguishable  in  their  outluies  aud  the  gradadooB  of  thagvoML 
Hut  this  ia  tpiite  different  as  soon  as  we  pasa  the  tUuH^  naaa 
from  thence  the  terrac(.--Iike  arraugcmrnt  of  the  hrda  warn  vpa* 
another  disappears.  In  the  Jura,  or  in  tlic  lower  land  Vt 
where  the  "  black  Jura"  is  devcloiK-d,  there  is  no  great 
in  width ;  there  arc  ntostly  slips  or  rvnts  wlu-rv  the  difrieat 
strata  show  themselves  in  profile  in  a  nisM  of  aUmt  irkT;  m  t^t 
bottom  of  the  rents  the  fossils  of  nil  the  strata  li'  '.Mthsr. 

The  positiou  of  the  strata  one  by  the  side  of  aunt  I  <  .  .^^  tne  oat 
in  Burginidy,  the  Cher-Department,  and  the  ('  '■  >  '  '  In 
for  innfance,  from  .\vallou  to  Va.'csv,  where  the  c^U-^raled  •• 
cement"  is  niuniil'actured  from  the  /'ixiV/oNoaiycc^SchisIa,  or  6nB  AlT* 
to  Avallon,  all  the  Lias  M-ries  i.'i  found  expused  IWW  the  maili  wlili 
IravefNc  a  idaiu,  the  distinctive  liniiti  ul  the  stnUa  bwiag  hf  ■>• 
mnvrd ;  and  the  nhwrTer  paweti  imiH'rcrplilily  fnm  stratiin  to  i 
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In  llie  ncighboiirlKMid  of  Caen,  where  no  rocky  land-marks  of  the  for- 
mations nro  visible,  like  those  in  Swabia  where  every  one  can  perceive 
them,  all  the  members  of  the  Jurassic  scries  are  of  trifling  thickness, 
and  lie  side  by  side,  covered,  moreover,  mostly  with  alluvium.  Close 
to  Caen  lies  the  Great  Oolite  {Oolite  de  Cacu).  If  we  go  a  few  thou- 
sand steps  further  upon  the  road  to  Alen^on,  we  come  to  the  red 
Transition  rocks  with  Tritobites  ;  il'  we  turn  from  thence  half  a  league 
towards  the  north,  we  are  at  Fontaine  Etoupefour,  the  celebrated 
Lias  quarries ;  the  uniform  Great  Oolite  then  again  appears,  under 
whieh,  in  the  sections  made  by  narrow  valleys,  the  inlVrior  Oolite  or 
the  Lias  is  seen  exposed.  In  short,  it  is  very  ditficnlt,  and  almost 
impossible,  for  one  who  is  not  acquainted  with  the  norma!  Lias,  to 
find  his  way  in  the  *'  black  Jura"  of  France.  At  the  same  time,  the 
relative  altitudes  cause  confusion,  because  in  France  the  reverse  con- 
dition exists  in  comparison  with  Swabia,  the  elevation  of  the  "  white 
Jura"  being  less  than  that  of  the  "black;"  the  Mame,  Seine, 
Yonne,  Loire,  Cher,  Indre,  &c.,  all  of  which  flow  westward,  descend 
fit)m  the  Lias  to  the  "brown  Jura,"  and  thence  to  the  "white;" 
whilst  in  the  German  "Jura"  the  rivers  flow  from  the  heights  of 
the  "white  Jura"  through  the  "  brown"  and  the  "  black." 

As  before  said,  there  is  no  country  in  which  the  members  of  the 
"black  Jura"  are  so  distinct,  and  where  the  demarcations  are  so 
sharp,  as  in  Swabia.  I  place  the  Swnbian  before  the  French  and  En- 
glish "  Jura,"  in  order  to  see  at  once  how  different  are  the  local 
arrangements  of  the  Swabian  strata.  I  use  Qneustedt'a  claasificatiou*, 
as  being  the  best  for  the  Jurassic  system  of  Swabia. 

I.  Lower  Black  Ji;ra,  a.  and  /3.  (Quenstedt.) 
Litneitone  of  the  Lower  Lia*  Shale,    Lieu. 
Lias  XRfirieaT  ;  Calcaire  h  Gryph^e  arquie, 
Etage  tinhnurien  (D'Orb.). 

In  the  Gennan  Jura  a  diflFerence  of  stnictjire  already  apjiears  in 
the  lower  Lias.  We  meet  there  with  two  principal  formations  ;  both 
sandstone  and  clay  being  developed.  Sometimes  the  two  ap{>ear 
together,  sometimes  the  one,  or  the  other,  or  even  both  are  wanting. 
The  latter  is  the  case  in  Franconia :  in  the  valleys  of  the  Maine,  Reg- 
nitz,  Wiesent,  and  PegnitJ!  the  lower  Lias  nowhere  attains  to  auy 
significajice,  apparing  only  as  coarse-grained,  hard  sandstone  of  a 
few  feet  in  thickness.  Occasionally  it  contains,  as  a  sign  that  we  arc 
no  longer  in  the  Keuper,  a  Gn/phtea,  or  Ammonites  Bucklandi,  or  a 
Thalassites.  It  appears  as  if  the  Keujier,  which  in  that  district  is 
so  strongly  developed,  had  left  no  room  for  the  Lias,  The  blue 
clays  with  Jm.  costalus,  constituting  the  middle  Lias,  often  seem 
to  lie  directly  ujMjn  the  Keuper.  In  this  form  the  Franconian  Lias 
extends  as  far  as  the  Ries,  where  the  Swabian  clay-formations  com- 
mence, which  often  rise  to  100  feet  and  more.  If  these  are  fully 
developed,  then  dark  blue  Umestone  beds  with  Am.  psilonotus  and 
Thalassites  form  the  undermost  stratum  above  the  yellow  Keuper 
Dai  Flozgebirge  Wiirtembergs.    Tr.  Aug.  Quenstedt,    8vo.  Tubingen,  1843. 


k 


GKOLOr.ICAL  MEMOiaS. 

caiuLitonpfl,  and  sometimoa  have  rrfcrenc*  to  the  "  Bane-bed."  0«lhi« 

are  siipeqK>g(?cl  alternatinp;  cIav*  and  Mndatoius,  in  wbirb  Jm.  mtf^ 
latus,  ng&ia  HccotnpAiii<-d  liy  Thal<i«*itfx,  occun.  BmI  at  i 
able  plaeea  uumcrouH  tine  Gattfmiioila,  alio  /.' 
stoma,  and  otliers  arc  conspicuous.     In  spfpii  -we,  Uwintf 

appearaucc  of  the  fauna,  in  the  blue  Jrirlrt-bai*,  oemn.  TW 
quantity  of  Ammonitr*  of  the  ^•ir»>/r*-grnup,  tlw  hoaU  tt  OtymJtmm 
nrcuata,  tlie  beds  of  Pentacrinite*  hataltifarmit  are  l»rt»  araam 
constant.  In  the  second  dixiiion  (/J)  of  the  lowvr  black  Jon,  ilia 
foregoinfi;  is  succeeded  hr  n  strouji;  dcTrlopmrnt  i>f  bUrk  clara,  AbK 
sparingly  interrupted  by  insigniticant  liincstuoe  fartla.  Whalil  ■ 
tliese  limestone  beiig  Ammonitea  of  the  Arietn  giowp.  tacclhcr  wA 
Pkolailonujir  and  Terebratutie,  make  their  appMiaace  ur  tkr  ImI 
time,  there  begiD§  in  the  clays  a  new  organic  ariiea,  iritk  Am.  Vrnfr^- 
eomi  and  Oji/iwti,  forming  a  transition  to  the  rich  arrm  of  «||Hir 
reinain»  of  the  middle  Lias.  Tliis  is,  howeter,  by  ita  Bpbt  ff«v 
lin)et)touc<t  »o  sharjily  Brpnrated  from  the  black  dava  of  fit 
need  not  here  ilniw  an  artificial  line  of  deuiaraUMM  t 
fomiationti. 

The  principal  development  of  sandstone  ia  upon  tht 
plains  of  Wurtemberg :  westwardit  it  decreaaca  mar 
naaivr  we  come  to  the  M'utach  and  Switseriaad.     Ia  i 
Am.  ptilotiohts  abio  participates ;  this  form,  huacitr, 
M.  Merinii,  has  been  found  in  Switzerland,  but  is  thnvi 
tyjM.'  of  n  geological  horizon ;  becau'ie  generally  in  8» 
liucklaiifii  occurs  inimnhately  aliove  the  Keuper.     IIm  data  *iih 
A.  Tumrri,  coated  with  quaru,  are  derebped  near  Prattchi. 

In  the  case  of  Mont-Jura,  some  quarriea  naar  Saliaa  an 
ingly  instructive.  Here  the  Keu[MT  »up|iorts  a  TeUmriah  giay  I 
stone  bed,  1^  foot  thick,  with  Thalattitet  (Sardinia) 
Th.  *ecuriformi»,  and  PUtgiottoma  ;  upon  which  ntUllbm  Arirtt^^^i 
witli  Penlacriiiitri ;  the  lower  black  Jura  tenninatiaK  barr  »iUi  ibr 
dark  blue  Gry])hite  limestones.   Above  these  arr  fouaa  Mwyiah  Uaek. 

of  AatmmmUm 


elays,  interstratiiied  with  limestoue  band*,  elars  AdI 
oxynotut  and  J.  Infer,  calcareous  marls  with  PAolttdomfte,  Jf«(<r»- 
m^tr,  and  Jrcomyir  (Corbula  earJioide*  and  TkatmttUrm  Iis^i% 
with  AmmoH.  raricottatv*  and  Gryplutci  eymbium,  bat  withaBt  Ibim- 
ing  a  line  of  demarcation  with  regard  to  the  middle  I  ias  llHar 
greyish  black  cUvs  which  towards  their  base  contaia  the  Obyali, 
nave  still  lower  down  A.  Taylori,  A.  Jawttsomi,  He. ;  ia  ahort  thKj 
become  our  Rumi>»i<i/iJt-nuu'ls.  It  is  clear  that  with  the  Prcneb  ai^ 
logiats  the  middle  Lias  begiius  with  rmr  /),  as  thev  taka  (Sfjfimm  * 
eymbium  as  the  typical  shell,  which  u  found  fimn  fi.  throaf^oat  ta 
y.  Respecting  the  geognostic  conditions  of  Mnnt  Jura,  mj  friaad 
Jules  Marcon  has  publLiheda  nduolde  worV  'm  t,U  '  RerherriMi  Ce^ 
logiqnes  sur  le  Jura  saliuois";  our  /3.  6nt  acctiaa  af 

his  "Lias  moycn,"   which  he  fomicrly  •. ..■>..   —'-/»«  «  Gr 
eymLium,   but   now,   after   liaving  seen  its  strong 
Balingen,  hr  has  turned  it  Martin  d*  Balimfr*. 

•  Mem.  (U  b  Soc  OM.  da  PIraact,  iii. 
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^M  The  inferior  Lias  of  Burgundy  ia  again  differently  modified  from 
^B  that  of  the  Jura.  It  has,  above  all,  more  extensive  limestone  beds, 
^m  especially  the  stratum  of  the  Thalassites.  At  Semur  and  Beauregard 
"  the  strata  contain  iron ;  and  the  numerous  Thalastites  are  replaced 
by  [oxide  of]  iron  and  excellently  preserved.  This  stratum  is  invested 
wth  such  importance  in  this  district,  that  U'Orbigny  denotes  the 
whole  of  this  division  of  the  lower  Lias  as  Haye  sMmurien.  Besides 
the  Thalnssite  beds,  the  clays  and  Umestones  with  Ammonite*  an- 
gulatus  {A.  Moreanu*,  D'Orb.  and  A.  Boucoltianux,  D'Orb.),  are 
also  well-developed,  upon  which  the  Arielm-hcds,  having  a  thickness 
of  from  10  to  \'2  feet,  repose.  Above  these  is  an  argillaceous  limestone 
bed,  of  a  few  feet  thicluiess,  with  Am.  Brookii  and  "  cinctai"  Tere- 
bratula,  and  with  Am.  oxynotus,  which  however  is  calcified  and  with 
a  diameter  of  about  6-8  inches  ;  this  represents  /3.  in  Swabia.  We 
find  Am.  oxynotus  converted  into  quart?,,  with  A.  bifer  and  A.  rari- 
eostafii-a,  in  the  Cher-Department,  near  St.  Amand,  where  Swabian 
conditions  exist.  On  the  other  hand,  things  appear  different  in  the 
south  of  France,  in  the  Khone  district,  where,  according  to  M. 
Victor  ThiolUere*,  black  limestones,  without  the  specified  Arietet  and 
Gryphcea,  are  fouud  in  much  greater  force  than  anywhere  else,  in- 
stead of  the  Ariete»-hv&%  existing  in  England,  in  the  north  of  France, 
and  in  Germany.  This  formation  he  calls  the  "  type  mediterraneen," 
as  in  general  the  whole  Jurassic  scries  ia  the  south  of  France  presents 
a  peculiar  aspect. 

Whilst  the  lower  Lias  gains  in  development  in  the  south  of  France, 
it  decreases  towards  the  north.  The  whole  section  in  Calvados  is 
reduced  to  1  or  2  feet,  and  a  Gryphcea  arcuata  or  an  Ammonite  of 
the  Arietes-^Toujt  becomes  very  rare,  imtil  in  England  (Lyme  Regis) 
the  full  development  of  the  strata  recommences.  Here  again  also, 
as  in  Swabia,  we  6nd  the  Lias  sandstones  (Linksfield  and  Brora) 
and  Ammonite!  psilonotug. 

In  Swabia  and  England,  therefore,  there  is  a  perfect  development 
of  the  lower  black  Jurassic  rocks,  to  which  those  of  France  are  very 
inferior.  The  same  relative  proportions  are  found  in  the  appearances 
of  the  strata :  Swabia  is  iu  this  respect  the  richest  country  ;  richer 
than  England,  winch  only  has  the  preference  in  regard  of  the  pre- 
Bervatioi)  of  specimens  ;  such  as  Ammonite*  obtiiau*.  Sow.,  with  its 
interior  cliambers  elegantly  filled  with  while  calcareous  spar,  and  the 
external  cliamber  occupied  with  the  blue  limestone  of  the  matrix. 
France,  however,  may  be  called  poor,  in  spite  of  the  many  species  that 
D'Orbigny  mentions.  Each  country  has  also  its  peculiar  organic 
remains ;  what  is  found  iu  one  country  is  either  wanting  entirely  in 
another,  or  at  least  is  not  so  abundant.  If  we  only  consider  how 
the  different  famihes  of  the  Ariefes  ofl'er  at  different  localities  differ- 
ent species  and  varieties,  we  shall  see  that  the  genuine  Ammonites 
obtutHt,  Sow.,  is  peculiar  to  England  and  the  Aisue-Department  j  Am. 
Turtieri,  Sow.,  is  only  foimd  iu  England  and  Swabia ;  and,  accord- 
ing to  my  view,  the  calcified  Am.  Turneri  occurs  but  rarely  in  the 
trauce  on  the  top  of  the  ..^r«>/M-beds  (compare,  iu  D'Or- 
Bulletin  de  la  Soci^tif  Gi.'ologique  :  Seance  du  4  Nov.  1847. 
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bigny,  &c.,  the  Am.  ttellari*  and  Am.  SeipionianuM,  wliieli  arr  rti- 
deiitly  in  ))art  the  inner  whorls,  ]mrtly  young  ipcciimiM  o(  A.  Hrtnktt, 
Sow.).  The  pi'nuiiie  large  Am.  llurktaiii.  Bam. 
more  seldom  in  Prance  than  in  the  otitrr  two 
Am.  bistilcatus.  Drug.  (=:Am.  rotiformU  and  Am. 
Zieten),  is  more  frequent.  Of  Am.  jtsilonotut,  QneiMt.,  1  Imnt  i^ 
ready  said  that  I  did  not  find  it  at  all  in  Fnuicr.  Join 
liowever,  appears  to  have  discovered  some  traces  of  it  in  Mont  Ji 
at  all  events  it  is  extremely  rare.  Am.  tortilit,  D'Orb., 
with  Am.  liaaicin,  D'Orb.,  fi^>m  the  Arietes-itnUk,  aod 
of  the  same  without  the  siphonal  fiirrowg.  Am.  lortns,  D*ChV, 
the  true  Am.psilonotun,  and,  I  know  for  certain,  baa  not  itt 
ment  in  France.  Am.  oryiiotus,  Qu.,  commencea  in  tbe 
the  German  Jurassic  series  and  extends  tbroogb  Moal  J 
Burgundy  as  far  as  the  Cher-Department  (St.  AoMad), 
with  Am.  bifer ;  thence  it  disappears  as  far  as  Fraao  ■ 
and  reappears  in  England  (Gloucester).  Here,  hf» this  Am- 
monite is  rc|)biced  by  the  different  varicticsofv/m.*''  -«. 
become  always  thicker  and  more  considerable.  Thr 
Am.  Lifer  becomes  very  fiUly  developed,  ami  ha*  BMW  ths  tifmitg^ 
the  mouth  a  long,  ]irojecting,  tongue-like  |irooe««.  ~ 
he  rich  in  beautiful  and  tolerably  nbuiulniit  Hi. 
nnd  tlie  large  Avieula  rt/t/niprt ;  and  Lima,  rrrirm, 
{PaehyoJon)  arc  conspinioiis  in  beauty  and  ixTfrrtioii, 
other  countries,  'llie  generally  typical  forms,  however,  m  «H 
tries  arc  Thalauitn  and  Am.  ani/ulatu*  fur  the  lowrtmoi 
gether  with  Gryphn-a  arcuala  and  the  varictiat  of  ^tm. 
for  the  clays  and  limestones  lying  above  tbcse,  Grjmkt 
and  Am.  rnricoalatut.  The  last  two  form  tlie  tnirwritwa  to  tW 
of  tlic  middle  Lias. 


ii 


II.  Middle  Black  Jura,  y.  and  i. 

ArgiUaeeou*  Liat,     MarUtone  Serie*. 

Jam  moyen.  Lias  tupfrieur,  iu  part.    Mame*  i  BHemmilet  et  A  Or^^ 

phfta  eymbium. 
Stage  liatifn  (D'Orb.). 

We   have   certainly  already    found  Gryphon 
with    Am.  rancotfatu* ;  but.  lying  immediatdr  Mom    th» 
na/w-clavs,  the  middle  Lias  must  be  consiilerttl  as  the  real  kooiMi 
of  those  im|)ortant  shells.     This  appears  riearrr  in  i'nuiM  ik^a  ia 
Swabia,  efc|iecially  at  the  cast  side  of  the  elevated  tract  ia  '' 
where  the  Jura  rocks  are  exposed.     1  do  iw>t  know  way  \ 
biting  these  strata  better  than  the  villagr  of  Asrhacli,  i 
It  is  a  little   retired  place,   entirely   eurmumW   hy 
Bands ;  below  the  village,  iu  the  valley,  nrcur  tlie  while  I 
stones  and  red   clays ;    upon   the   heights   lir*  the 
qnartor«    Lias-sandstone,    and   alMvr   this    a    lickt 
stone  bed  nf  about  2-3  feet  thick  rrmarkahtr  nax  ia 
jthaa  pymbium,  of  C  inches  in  length  aud  2-^  inches 
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conspicuous ;  and  is  accompanied  by  '-im.  natrix.  Am.  eaprieoruua, 
Am.  Vatdani  (-4-5  inches  in  diameter),  Am.  ibex.  Am.  cmtaurus, 
together  with  a  great  quantity  of  Trrebratutee  rimoiKe  and  cinctep, 
Spiri/eri,  PUcatula,  and  Lima.  All  of  these  are  preserved  with 
their  shells,  and  their  appearanct-  and  conditions  remind  us  of  the 
celebrated  jH'trifactious  at  Fontaine  Etovipefour,  in  Calvados.  We 
are  indebted  to  M.  Sigmund  von  Schieder,  of  Amberg,  for  the 
more  particular  knowledge  of  this  place.  Aschach  is  the  only  known 
locality  in  Franconia  where  the  middle  Lias  is  developed  with  the  Am- 
monites of  the  miminmalii-clays.  In  general  we  arc  but  indistinctly 
guided  until  we  reach  the  blue  clays  lying  at  the  top  of  it,  with 
Am.  custatus,  which  is  the  most  important  Franconian  type,  and 
everywhere  serves  as  a  sure  guide  at  the  slopes  of  the  Dan\ibe  and 
Maine  canal,  near  .Vltdorf,  Bamberg,  and  Banz.  By  means  of  .4.  cottu- 
tus  also  a  bed  of  red  iron-ore,  found  at  a  not  less  remarkable  place 
in  Franconia,  near  Keilberg,  close  by  Uatisbon,  has  been  recognised 
as  belonging  to  the  middle  Lias.  As  is  well  known,  on  the  west  and 
east  of  the  Land-Hiicken  (white  Jura)  there  occur  black  and 
brown  Jura.  On  the  east  side,  however,  these  strata  camwt  be 
traced  to  any  extent ;  oidy  at  some  localities  the  highest  ]ioints 
protrude  above  the  drift-sand,  which  covers  everything  between  the 
Bavarian  forest  and  the  Land-Riicken.  The  Keilberg,  upon  the 
heights  behind  the  Tpgendicim  Beer-house,  near  Ratisbon,  is  such  au 
isolated  projection  of  lias.  Some  years  ago  a  mine  was  opened  here 
and  a  very  rich  bed  of  red  iroii-nre  discovered,  lying  on  the  great, 
hard,  sandstone  strata.  This  is  characterized  by  Am.  crutatus.  Be- 
lemuitet  paxillosus  (a/eenli),  I'erteii  <equivalci»,  TerebrattUa  rimoaa, 
T.  acuta,  T.  ric/na/**,  Spirifer  rostratus,  and  other  species,  the 
[  Bpecinieus  being  changed  into  iron-ore ;  wliilst  the  sandstone  lying 
beneath  iimsl  decidedly  be  considered  as  belonging  to  the  Keuper. 

In  Swabia  ttie  boundary  between  />.  and  -/.  is  drawn  too  sharp  by 
nature  to  be  overlooked  by  the  geologist,  The  middle  Lias  com- 
mences with  the  light-grey  calcareous  marls  and  an  abundance  of 
.  Ammonites  of  the  Capricorni  family,  together  with  innumerable  spe- 
'  ciniens  of  Terebrutula  iiumi^malis,  tran.sfnrmed  into  cpiartz.  The 
first  section  of  y.  concludes  witli  a  bed  of  lielemnite*  and  a  limestone 
bed  with  Am.  Danei.  Above  it  dark  clays  make  their  aijpearance  with 
Am.  Amultheus  ;  light-coloured  calcareous  marls  with  Am.  costatiig, 
Belemnites  paxillosus,  and  Piicatula  spinota,  tenniuating  the  series. 
The  development  of  this  fonnatiou  in  Swabia,  as  well  as  its  organic 
remains,  varies  in  many  ways  ;  ollen  the  Humismalis-c\iiys  only  are 
[developed ;  the  others  being  reduced  to  a  minimum.  So  it  is  like- 
I  wise  in  Switzerland,  where  for  the  most  j)arl  the  «//Mii>ma/i>-bed alone 
I  represents  the  middle  Lias  ;  and  on  the  top  of  the  nrietes-heda  lighter- 
coloured,  but  less  sandy,  clays  make  their  appearance  with  Tere- 
bratula  numismalis,  T.  rimosa,  Gn/phtva  ci/mbiiim,  Spiri/er  verru- 
cosus, and  Am.  capricorni  and  lineati ;  on  the  other  Iiand,  the  amal- 
theus-\iei\.  is  scarcely  anywhere  to  be  seen. 

In  Mont  Jura  there  is,  as  has  been  alrea<ly  mentioned,  no  such 
I      line  of  separation  as  in  Swubia.     A  series  of  grey  clays,  alternating 
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with  limestone  beds,  rise*  from  the  •n>/«'#-becU  up  to  th* 
,  Nomyff-scliigtg  ;  the  order  however  of  the  foMil«  rrmaiiw  the  i 
I  Uiiderino8t  iu  the  clays  are  .7»i.  htfrr  and  Am.  or>pii»tm»\  ii  IIk 
f  limestones  Pholadomya  ambit/ua,  yiaetritmya  piibosm,  i 
tostatut ;  further  upwards  succeed  Am.  plaiaeottm,  jbm,  mmtria,  ^ 
lineatiig,  silicified  in  the  clnvii  and  calcareous  in  the  HmMlaari  i 
after  these  come  the  Beleuniite-lieds  with  Am.  Itav^.     Ahom  I 
•gain  arc  found  Am.  Amaltheu*  {marpahtahu,  d'Orb.)   tmd  4 
eottatui  {tpinatu*,   firug.)  impreffnatml  witJt  i)aarU  ; 
number  of  Plieafuln  tjnnoiia  and   Brlrmnitf*  paj-iUe 
termination ;  the  latter,  however,  not  in  »ueh  bouitv 
as  iu  Swabia.     This  last  stratum  \»  called  by  the  ftnloffM*  of  l4( 
Jura,  Mames  t)  J'lieatulM. 

In  Burgundy,  the  numifmo/M-clays  do  not  Mhr  fttm  tbam  tt 
Swabia  ;  on  the  other  hand,  the  amaltheiutAAXt  (■!.)  hav«  a  itmii^ 
nient  not  to  be  xceu  iu  the  latter  country.  They  are  no  \uufiu  thtdifl 
that  furni  i,  liut  greyish  blue  hiuestouex  of  coniiidrrBble 
iji  wliirh,  together  with  the  gigantic  Am.  .imattkr 
tuluA,  occur  Gnjplurn  f/iif antra,  ttoldf.  (avanctv  dS  G. 
Tercbratitla  acuta,  'J',  iligona,  T.  lagenalu,  T.  rteimmiut, 
trquivalrit,  P.  ytaher,  I'huluiiomyip,  .Vydr,  and  Spinfen,  m 
fiuantity  and  mostly  also  of  great  size.  Tbr  environs  of  At 
VoBsy  cfipetrially,  is  a  normal  district  of  thia  inidtUr  Liaa.  At 
<nna//Aru«-limestone«  here  fonn  whole  ruck*  of  a  gmriih  lldb* 
colour,  and  fdled  with  the  fouiU  enumerated.  Clara  with  ■fidiai 
ahells  are  entirely  wanting  ;  tlir  lied  aujKrani  only  in  a  ealcart 
and  together  with  the  eluinictcr  of  iti  organic  fomu,  haa 
evidently  to  deep-sea  eonditionj.  It  appear*  that  ikia 
lopmeut  of  the  .,^m»//Aeiw-stratum  du«i  not  exist  anfitlMf*  ■■■I' 
in  Burgiuidy  ;  for  in  the  (.'her-Departmeut  or  the  laere  H  ia  ■■■ 
decreaiied  ;  at  the  latter  place  it  coutaiiM  a  great  deal  o^  tnat,  Sk» 
our  WasseraltiujK  limestone  ;  Am.  .imalthriu  and  ji» 
are  frequently  preM'nl  in  it.  Further  toward*  the 
towards  the  west  this  stratum  disappcara  ;  and  It 
vados  near  Dayeux,  ('urcy,  Uroisille,  jlce.  But  here  tht  1 
the  formation  has  become  verv  differeii'  a 

organic  remaius,  the  li^ht  yellow  ealcn:  r  ta  of  y. 

together  with  .4m.  Jamrmni,  .im.  Dartei.  and  a  boat  at  fWJ  I 
and  rare  Terebratultt  and  Sptn/en,  a  nurob«r  atC 
■pinea,  and  wry  rare  Gojiteropoda, — KmompAaht* 
following  are  very  conspicuous  : — Trrebratmlm 
loHychampti  (i|uile  new,  aud  having  a  general  limillhlilii  1 . 
regards  tiie  central  (lerforatiuii,  to  T.  dipA^m),  T.  Imfmult^  T. 
natU  (of  a  remarkable  size).  Eaampkatut  eadomiuma,  a  gi«at  ^M^ 
tity  of  Turbo,  Truchu»,  aud  Pleurotam»h*,  Mkl  towan^  the  ti^ 
Am.  AmalthrHa  and  ./.  *ptnatui.  iha  Orypkum  figmmlmm  «f  %^ 
gundy,  Peelen  (r</Hiralcu,  and  /'.  glatytr.  Tm  Hnh>-yiftlia  1 
beds  iu  which  the  MboY(--mcntioii«d  fomib ar«  firaad  1 
fret  thick.  Cbiys  are  her«  eutirrlv  wautinft.  ''*■( ' 
at  801UC  places ;  fur  iiutauoe  at  Vieuxpont,  m 
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Am.  heterophyllus.  Am.  nwculatuit.  Am.  lineatHs  (sometimes  with  a 
ventral  lobe  extending  upwards  in  the  wall  ot'  the  chamber)  well- 
prcsenx'd  in  quartz,  and  an  abundance  of  Belemnite/s  Brvyuieriunut 
(jtaiillomg)  arc  to  be  found. 

The  same  conditions  obtain  also  at  the  other  side  of  the  Channel, 
and  the  niarlstone  series  comprehends  the  same  that  the  Lias  iiioi/en 
of  the  French  and  our/3,  y.  h.  contain.  The  Am.  oxt/notus  and  Am. 
lifer  arc  geologically  further  removed  from  the  aricfw-beds  than 
from  the  nmnisninlis-clfiys,  otherwise  their  conditions  are  the  same 
as  those  in  Swabia ;  only  sometimes  other  typical  shells  occur,  and 
the  two  fossils,  Terebratiila  nuini»malis  and  Am.  Amalt/trng  {A. 
Stokeai),  from  which  the  Swahian  strata  derive  their  names,  are  but 
rare.  In  England,  Gri/pheea  eymbium  and  G.  gigantea  are  rather 
characteristic  of  the  middle  Lias. 

If  we  now  compare  the  strata  in  the  diiferent  countries  with  one 
another,  the  absence  of  Grijph(ea  gigantea  in  Swabia  is  remarkable. 
In  France  this  shell  is  so  abundant  that  it  is  generally  taken  as  the 
typical  shell  for  our  uiiial//ieits-<:\ay».  D'Orbigny  names  it  in  his 
'  Pak'ontoiogie  Fraiieaise'  G.  cymbium,  whilst  he  sets  down  our 
German  G.  cgmbtiim,  from  the  Lias  fi,  as  a  variety  of  G.  areuata ; 
hence  the  confusion  experienced  by  the  Gennan  geologist  when  he 
reads  of  G.  cymbium  as  accompanying  Am.  matgarifatiu.  It  must 
be  remembered,  therefore,  that  D'Orbigny  under  this  name  compre- 
hends G.  gigantea  of  Biu'gundy,  distinguished  especially  by  the 
concentric  rings  of  the  ventral  valve,  varying  from  an  oval  to  the 
most  perfectly  circular  form,  and  attainuig  a  size  of  ;'»-6  inches. 
Whilst  this  shell,  seniug  as  a  type  in  France  and  England,  is  want- 
ing in  Swabia,  it  happens  on  the  other  hand  that  Terebratiila  numis- 
malis  marks  a  »<har])ly  drawn  horizon  by  its  abundance  in  Swabia, 
Switzerland,  and  in  the  ea.st  of  France  ;  it  is  certainly  found  some- 
times in  burginidy,  but  from  hence  towards  the  west  of  France  and 
in  England  it  is  not  only  no  longer  characteristic,  but  is  scarcely  ever 
found  in  its  primitive  form  as  T.  numiamalts ;  instead  of  it  T.  eiei- 
tiali*  and  T.  qita<lrifda  make  their  appearance.  The  same  is  the 
case  with  the  Ammonites  of  the  stratimi ;  the  rich  series  of  Swabia 
not  being  found  again  in  any  other  country.  Am.  Jameso/ii,  one  of 
the  most  fre<|uent  Ammonite/  in  Swabia,  is  rarely  found  in  France  j 
Am.  llegnardi,  d'Orb.,  an  allied  form,  but  spinuse,  which  is  found 
here  and  there  in  our  locaUties,  seems  to  take  its  place.  On  the  other 
hand,  Am.  armafun.  Sow.,  is  peculiar  to  England  and  seldom  occurs 
hi  Swabia  or  France  ;  so  also  Am.  atriatiis,  Zeit.  (Henleyi,  Bechei, 
Sow.),  which  is  always  rare  in  Swabia,  but  is  frequent  in  England. 
Am.  Amall/ieuf,  the  most  abinidant  Swabian  Ammonite,  ap)>ears  less 
frequently  further  towards  the  west,  whilst  its  companion  Am.  coata- 
tug  appears  more  frequently  in  France  and  England  than  in  Swabia. 
The  most  general  Ammonite  is  Am.  heterophyllug,  which,  however,  I 
do  not  regard  as  l)eii!g  the  typical  shell  for  this  bed,  as  it  is  almost 
always  foiuid  where  there  are  Ammonites.  Even  very  lately  Ilerr 
V.  Alberti  found  the  genuine  Am.  Iieterophyllna  in  the  y.  of  the 
"white  Jura"   in  the  lirauuenberg  near  W'asserallinguu.     liesidea, 
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it  is  subject  lo  great  changes  of  form,  as  is  nhowu  bv  Vt 
Am.  Gutbalianun,  Am.  Biieij/Hieri,  Am.  Loteombi.  "*■ 

wide  umbilicus  is  abunilnnt   at   A'ieuxpont ;   in  E(>((t( 
mostly  ill  Lias  *.  avid  <,'.     The  e.  of  Swabia  has  prodw 
spcciincDs.     The  Ga»terupiidii,  which  arc  fuiiiid  iit  Swsliia 
(|uautitieti  inostlv  siliciticd  and  small,  have  their  grcstcvt  i' 
ill  Calvados.     '1  licy  cerlainlv  arc  the  same  iipecica  ■•  Ui 
but  the  individuals  arc  uiudi  larger  and  hau'  1i        '      'i-r  fr 
our  sjiecics  of  7'«rA«  and  7V'ic/iH«  are '.carcel^  Twiardi 

We  must  also  iidd  the  many  new  forms  \fhicli 
in  Swabia,  sucii  as  Eiiomphuhis  or  Conn*,  wl.. 
arc  cl.scwherc  v«antiii^  in  the  Jura-rooks ;  and  i-</r»l)>,  m  jitUM 
/«/«,  Ltlhodeiidrun,  &.C.,  which  bear  evidrncr  to  cnnditk 
sea  (juile  pecidinr  and  dilferent  from  those  foniui  eWnher 
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HI.  UrPKR  Bl_^CK  Juha,  «.  axd  ^ 
Upper  Litig  Sfinlr.      .Hum  Shale.      ft'Aitby  Shal*. 
Marnea   du    Lias   mipi'rieur.      Srhutet    bttuwiimtmM  et 

TrochuK.     Covche  de  ciment  de  Fatty. 
Etaije  tuarsien  (D'Orb.). 

The  blarkii^h  grev  bituminous  schists  or  UmMtoon  wicii  P\ 
nouitjie,  sharply  M\A  distinctly  separatcil  from  the  middle  lim, 
in  almoKt  all  countries  a  safe  geofo^cal  horizon.  Tlti*  FonHl 
verv  rich  in  the  remains  of  Vrrtcbrata.  The  British MnMooi  iveai 
with  a  perfect  sMeton  of  IcAtAi/o-viitru*  plnlyotlom  25  |it*t  ImVj 
the  several  well-preserved  Ic.  trnwitMtris,  with  Trtf€t»mmnm  \ 
mani,  and  nnth  numeroui  fihhe*,  all  from  these  beds  at  Ljra*  I 
and  Whitliy.  No  loss  fortunnte  is  Sw.iliia,  nhcrr  UiediatKflt  al 
Ohnuien,  and  llol/inniien  abundantly  snppliM  the  OmDaa  oA 
The  Sauriaus  of  Hnnz  nNo  and  it^  environ*,  difunwtd  md  31ai^ 
by  fJeyer  and  Murk,  are  weli-kiiown.    H'  thr«r,  doafci 

numerous  other  places  mipht  be  found  .  >  .In  Fnaa 

of  the  ]irinei]>al  locaiiticj  is  Vassy  near  .\  'p.  YoonrV.  i 

the /»fw/>/M«owiy/r-schists,  of  I'J-lii  fret  i  -xte  irarkrd  6 

manufacture  of  cement.     Itemaius  of  Snurians  and  Fiabcs  m^ 
frei|Uently  found,  and  also  Am.  hftrrophyUy$,  An 
Itrplarri,  Ike.     Croisilles  (Dqi.  ('alvados)  is  not  mfifinr  i 
but   the  development  of  this  formation  in  France  is   (rati 
that  in  England  and  (iermanv.     In  Mont  Jura  and  in  S« 
cannot  always  be  traced ;  it  is  oflen  covernl  up  or  i 
miles  ;    other  stratA  however  share  the  same  fate  ; 
AargRii,  Ka.sle,  8olothuni,  &c.,  it  attains  a cnnnik-TBUle  | 
The  examination  of  this  so  important  formation  of  i 
ferent  eountries  scem.i  to  prove,  that  this  deposit  attaioedl 
development  eliietly  in  iiuiot,  jiroteeted  bav»  and 
mouths  of  rivers.     Saiirians  particularly  arfei 
bouehnres  of  rivers  espi-eially  ;   .ind  Fishes  . 
ami    f'r/j/ialopfidii,   including   Sepitr,    liflrmuittt. 
Ammonite:^,  would  abound  ill  SO  favourable  a  habitat. 
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mals  hRve  by  the  products  of  their  decay  rendered  the  fine  mud 

more  or  less  bittuninous  ;  hence  the  soft  shaly  character  of  the  bed. 
W'ith  the  deposition  of  the  poxifloiutmijte-»\\iAii  we  must  necessarily 
connect  that  of  tlie  greyish-yeliow  limestones  superim|>osed  on  them. 
Although  in  Swabia  tlieliglit-yellow  calcareous  marls  of  the  Jufenain- 
strata  appear  to  be  markedlv  distinct  from  the  black  posiiJoiionii/te- 
shales,  the  boundary-line  is  nevertheless  erased  in  other  countries, 
and,  especially  in  a  paleeontological  point  of  view,  there  exists  no 
difference  between  the  two  strata.  In  Calvados,  in  Dorsetshire,  and 
in  Yorkshire  there  is  one  deposit,  with  the  Jet  Rock  towards  its 
base,  shaly  am!  bituminous  ;  one  great  system  of  clays  (in  Yorkshire 
thirty  times  thicker  than  our  J«r(rH»i«-clays)  up  to  ft.  of  the  "  brown 
Jura."  Together  with  the  saurians  luul  fishes  are  already  found 
Am.  radians,  .tin.  If'u/fotti,  Am.  /leterop/ii/l/us,  Am.  communis.  Am. 
Jimbriatua,  which  also  continue  upwards  through  the  whole  mass  of 
the  clay. 

Am.  Juretisin,  one  of  the  most  instructive  typical  shells  of  the 
clays  of  the  upper  Lias  (;.),  disajipears  in  Switzerland  and  Alsnce; 
occasional  specimens  arc  sometimes  found  in  Mont  Jura,  but  further 
on  in  Burgundy,  in  the  west  of  France,  and  in  England  it  is  altoge- 
ther wanting.  ,//«.  linealus  opalinua  is  found  instead  in  these 
countries,  mid  continues  up  even  to  the  inferior  Oolite.  Besides  this 
there  are  other  Ammonites  belonguig  to  the  family  of  the  linirati, 
which  in  France  and  England  represent  the  Am.  Jurensia,  as  for  iu> 
stance  Am.  cornucopi<e  and  Am.  (iermaini. 

Am.  radians  is  in  all  countries  generally  characteristic  of  the  upper 
Lias.  It  is  especially  iuterestmg  to  trace  the  varieties  of  this  .\ni- 
monite.  In  the  interior  of  Swabia  some  varieties  of  this  far-spread 
shell  occur  at  certain  places  ;  Am.  Aniengis  appears  most  frequently 
in  the  neighbourhood  of  Aalen  ;  there  also  the  variety  Am.  radians 
depressus,  very  similar  to  Am.  psilouofus,  occurs ;  .tm.  radians 
costida  belongs  especially  to  Franconia ;  and  both  there  and  in  the 
neighbourhood  of  Aalen  Am.  radians  comptus  occurs ;  but  these 
spetncs  on  the  other  hand  are  more  rare  at  other  places.  In  the 
em-irons  of  Balingen  (and  I  think  that  this  will  also  be  found  at 

■  other  places  by  careful  examination)  there  exist  within  the  distance 
of  two  to  three  leagues,  distinct  varieties  that  change  with  the  lo- 
calities ;  how  much  more  nnist  this  be  the  case  in  a  distance  of  400 
miles !  Am.  Levesquei,  D'Orh.,  is  for  the  most  part  peculiar  to 
Calvados.  Am.  TJ'alcotti,  which  is  not  so  prevalent  in  the  German 
Lias,  occur.^  already  in  great  number  in  Burgmidy,  and  gradually 
attains,  in  England,  its  greatest  development. 

The  Am.  p/anulati  of  the  "black  Jura"  arc  in  Swabia  mostly 
crushed  between  the  shales  ;  thev  are  most  perfect  and  elegant  in  Cal- 
yados  and  in  England.  In  Calvados  we  can  collect,  in  the  light-ycUow- 
coloured  calcareous  marls,  thousands  of  Am.  Ilol/andrei,  D'Orb. 
and  Am.  anmdatus,  Schl.  Am.  annulatus  of  Yorkshire  is  common 
in  all  cabinets  ;  Am.  mucronatus.  Am.  llequienianus,  &c.  of  Pinperdu, 
near  Salius,  are  not  found  in  Swabia,  but  reappear  in  Franconia. 
Mont  Jura  and  the  Haute-Saone  possess  a  very  peculiar  Ammonite, 
B  found  nowhere  else,  Am.  eiernalis,  D'Orb.,  which  is  certainly  closely 


56 


liKCILoniCAI.  MBMOIM. 


allied  to  Jm.  iiuignit,  but  M>parated  from  it  by  iu 
In  the  iipighhuiirliooil  of  Saliiis,  wliicli  hw  becoinr  OBMinC* 
my  friciiil  H.  Marcou  uiid  Dr.  <>erinaiit.  it  i*  IrrqoMldj' 
compiinv  with  a  li-gioii  of  mimli  ^ilicitipd  Ainiiiouitw, 

Besi(fe.s  (ho  .Ammonites  there  an-  two  IMrm^itm,  M, 
B.  aruariut,  which  occur  aA  iiil)iortuiit  I'harwtHMtiB 
times  together  and  »oimliine»  ^i»lj;K,  i"  the 
the  clays,  aiid  never  apiiear  af^ain  either  abo^e  cir  Iw1q«.  TW 
Liidwig  Canal  especially  yield><  an  iniineittc  quantity  of  thaw  !■■ 
Beleinnitet  at  the  celebrated  euttiu);  near  lUacii,  ana  whaiaiai  ^ 
latiiinte  of  the  ji<u!idun^mya-^\\»\e»  are  broken,  dim  of  thaaa 
nitei  will  always  be  found.  They  pa«k  tpiite  thraqgb  PnoMe,  \ 
however  U.  uruariu*  brcnines  more  fretpirnt ;  aiiiT  iaitly,  tbr 
and  hlender  ei)ieciinen!t  of  the  Knglith  Itrlemiutrt  arr  w«U 
We  niubt  also  particularly  mention  the  CyathoakyUmm 
other  small  cornl!<,  which  are  likewise  found  aJmoat  rvi 
this  depobit,  and  ntford  a  )ir(M)f  that  it  wax  not  formril  in  ■ 
but  in  bhallow  water  and,  in  ]>art,  not  far  from  tbit  aborr. 

The  following  are  generally  elmraeteristie  of  th« 

itttij/ni*.  Am.  r<i<liaiis  with  its  aliic»,  and  the  family  %4  Smtmti,  mf^ 

cially  the  reticulated  species  ;  alM)  Hrlrmiutm  anmrin*  aad  &  4m> 

talis.     The   entire   absence   of  Trrehratuta  x*  al»o  rfavMtarirtH; 

Mareou  calb  these  ImhU  Maniet  a  Tnu-hm  nu  dt  Vtm/tffjdm.    la  iMt 

mountain,  near  Sulins,  the  clays  of  (he  up(KT  I.iaa  luifv  ■!*•<  thafc 

I  ness,  are  highly  inclined,  and  afford  a  beautiful  profiWof  tW  duKmat 

fbssiliferuus  strata.     Trochu*  dupliratuf.  '!  ■■  ''■"■■'■• '"its,  Tf.  Ti 

tiut,  CtritkiHiH  iHlterrulatum,  Nueula  1. 

\  tvalit,  Arra  trqiiirtdriM,  and  others  art-   M'un.i  um-  in  0«Bt 

h  danoc.     These  certainly  are  found  toward*  the  tup,  Iwt  m  Ml 

with  Am.  miirronatu*.  Am.  iiitigiiit,  am!  .tm.  x/enus/M  {   a 

we  have  id  ready  here  the  French  forms,  according  luwbiall 

Litts  roincideit  with  the  u/iti/inutAml  of  the  luwvr  *' 

III  the  German  Jura  the  Lias  i-nds  with  thi*  brti  i,  minA, 

to  all  (be  cireumHlauces   nuist   lie  !  n  iha  ** 

^Jura."     M'ith  llie  opalinun-clay*  i.  .iirt 

I  aeries,  another  lerraee  ui  the  gmdatiou  ul  the  itrala  ,  arw  C 

their  appearance,  and  the  relation  of  a.  with  tbi?  avW  ttntmu  $L  it 

too  great  to  allow  uf  (heir  teparatiun.      Iu  Fnuiru  awl  Bw^Hli  k  il 

I  Otherwise;   here   there   exists  one   uisfpornbU?   uytlrtn   uf  clayi  mi 

I  ViarU,   l>etwi'en  the /MMtif/uNumycr-shale*   and   tl>'  iwaalaM 

I  with  Am.  MurcM-toHtt.     llut   it  in  <|uitu  aa  curi*---  -.•   I  r»ira  M 

^rerkoti  the  clays  witii  Sucvla  Hammer)  as  brliillfillg  In  tha  lia^  « 

it  18  iiii|tot»ihlc  to  rio  so  ill  Swabia  ;  becauae  our  ctianivlcTiatic 

Am.  upalinus  and  Triyonia  noru,  are  there  wauttiif . 
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1).  Brown  Jl'ba.    Oolitk. 

The  priucipal  diffprrace  batwaan  tha  Gcnuaa  '<btavB  Jqf«**iBl 
the  French  is,  thnt  heiv  the  limaatOBaa,  and  than  |lia  aiifs  pv 

dnmiuntf.      In  Swabia  the  "brown  Jura'* 
greater  rock-masii  than  the  "  black  :"  but,  novi 
of  tlie  fircdominaooo  of  the  days,  there  ia  only 
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extension  in  width,  so  that  it  can  soarcelr  be  put  down  upon  small 
maps.  It  is  quite  different  in  France,  where  the  liniestnne  beds  of 
■  the  Inferior  Oolite,  and  especially  of  the  Great  Oolite,  form  large 
plains,  and  often  have  six  timeu  the  development  of  the  Lia.'^.  In  the 
south  of  England  the  same  conditiun  exists,  whilst  in  the  northern 
part  there  is  au  approach  to  the  Swabian  proportion.  These  very 
opposite  proportions  of  clay  and  limestone  in  the  "  brown  .Jura  "  are 
shown  by  comparison  of  the  district  near  the  Wntach  with  lJurg;undy. 

Near  Bluniberg  the  whole  "brown  Jura"  consists  of  a  steep  slope 
300'  high;  upon  the  summit  of  the  moiuitaiu  is  "white  Jura,"  at 
the  foot  of  the  rent  is  Lias.  Almost  the  same  happens  on  the  upper 
Neckar,  near  Spaichingen,  Aldingcu,  Schomberg,  and  at  many  ottier 
places  in  Swabia, — a  rivulet,  rushing  down  from  the  "  white  Jura," 
within  half  an  hour  traverses  the  "  brown  Jura."  The  contrary 
exist  in  Burgundy,  where  the  clays  are  represented  by  great  lime- 
stone masses  extending  over  several  miles,  and  forming  sometimes 
plains,  sometimes  bold  rocky  valleys.  In  Lorraine,  ui  Calvados,  and 
ni  the  north  of  England,  it  is  Oolite  tlint  constitutes,  by  its  wide  ex- 
tension,  the  principal  part  of  the  Jura.  These  different  geognostic 
formations  point  back  to  the  different  local  conditions  of  the  old 
Jura-sea ;  extensive  calcareous  deposits  being  evidence  of  pelagic 
conditions  ;  whilst  claj's  and  sandstones  testify  to  the  neiglibourhood 
of  a  shore.  Ileuee  the  comparison  of  indiviilunl  strata  becomes  still 
more  ditficult,  and  as  it  becomes  impossible  to  tind  the  same  bed  in 
all  countries,  we  must  confine  ourselves  to  the  synchrouLsm  of  the 
strata ;  a  bisk  the  more  ditficult  as  the  members  of  the-  Jura-seriei 
attaui  wider  and  wider  extension. 

It  is  moreover  interesting  to  trace  a  parallel  between  the  Lias  and 
the  "  brown  Jura  "  in  the  above-mentioned  comitries  where  the  sand- 
stone forniatiim  again  appears  in  the  lower  "  brown  Jura,"  as  well  as 
in  the  lower  "  blnck  Jura."  in  Germany  and  in  the  north  of  England ; 
whilst  in  France  and  in  the  south  of  England  these  formations  are 
very  insignificant,  if  not  sometimes  entirely  wanting.  This  leads  ua 
to  the  first  division  of  the  "  brown  Jura." 
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I.  LowEH  Brown  Jura,  a,,  and  /3. 

Inferior  Oolite.     Northampton  Sandstotte.     CAgltenham  Freestone, 

(Ferruginout  beds.) 
Grea  »uperUasique.     Oolite  ferrtiginetise. 
Etage  bajocien  (D'Orb.).     Oolitic  infirietire,  in  part. 

In  this  bed,  especially  in  a,  the  opa/j«M#-clay«,  we  have  almost  ex- 
clusively a  German  local  formation.  The  Vosges  constitute  its  bound- 
ary towards  the  west ;  Alsace,  Swabia,  and  Frauconia  form  its  centre; 
Switzerland  likewise  comprises  a  small  portion  of  it.  These  are 
unctuous,  black  clays,  in  wliich  the  moUusks  are  very  well  preserved, 
usually  with  the  sliell  and  a  natural  nacreous  lustre.  In  general 
these  extensive  clays,  sometimes  above  100  feet  thick,  are  very  poor 
in  fossils  ;  it  is  only  in  occasional  beds  that  an  abundance  of  the  finest 
shelb  is  presented.  Lco])old  v.  Buch  calls  these  peculiar  fossils  the 
real  German  molloaks.     The  first  place,  as  a  typical  form,  is  occu- 
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])ied  by  the  Trigonia  natia,  hithrrto  only  found  in  Aharg,  Sm 
and  Franconia.  The  tiimily  of  thc/a/c-i/rrri,  which  nmdfe  iOW 
ani-e  iu  the  JiirntKU-heA,  is  hkewise  represented  in  tbr  Gn 
species  oi  Am.  ofialiHua,  Heiii.  (./»i.  auimuitiui,  Schl.).  Htm 
eoinpanioii  of  Trit/.  iiama,  which  always  a|>pe«r5  ami 
it.  Together  willi  Jm.  linrati,  which  in  tUia  itlBlain  tor 
reticulate  (./ni.  hircinim,  .tm.  iontloaua),  arc  abo  fbaird 
pomprfgsus,    li.  rliiratut,  aiid   herds  of  Macula  Jlmitmrrr, 

Jbniiis,  Aslarle,  and  small  (latteropoila.      .Vs  a  paratM  U»   

so  jieciiliar  to  the  (icnniui  sulf  or  hay,  there  uow  appms  in'^ 
aud  England  the  tippermust  bed  of  their  upper  Liaa,  in  wkicil 
rai/iuna,  the  reticulate  lineati,  Nucutir,  and  (iattrrofto^B  • 
immediately  above  these  ap)>ear  the  aaud'aouei,  chirflj  €mJB^K, 

The  ferruginous  sandstones  have  a  verv'  dose  cooneetiaB  mU 
opnlinM-clhyfi.  They  are  likewise  local  littoral  fonnfttiam,  M 
however,  extend  somewhat  farther  than  the  clay*.  A  iliatiaKtl 
dnry  between  a.  and  /3.  cannot  be  pointed  out  in  Swabia;  Sol 
unctuous  below,  the  clays  become  farther  upwards  more 
and  sandy,  until  they  form  true  saudstoiiciH  nitrmatiug  i 
They  arc  characterized  by  Am.  Murc/iitumr,  Am.  ilU 
aomitiiit,  <infi>h(sa  ralceo/ii,  and  GerriJlia.  lu  the 
Swabia  we  tiiid  iron-ore  beds  in  the*o  sautlstooea:  iron 
found  more  or  less  wherever  they  appear  ;  and  hnicr  the  i 
its  peculiar  brown  colour.  The  thicknesK  of  tliti  focinaticio  i 
in  the  Kocher  valley  to  :iOO  feet,  but  decrraaca  motv  aod  I 
wards  the  south-we«t ;  near  the  Wutach,  whrrr  lh» 
assumes  its  tull  development,  in  SwitxerlaDd(^B<fnc, 
Aargau),  where  the  fossils  arc  less  frequent,  it  h*«  Ip«( 
forms  on  alternation  of  arenaceoiu  clay  beds  and 
towards  the  top  pass  into  hard  limeiitDne  bed*.  This  ta  i 
the  geologists  of  Mont  Jura  OuliU  /erruj)i»nur ;  hot  hj 
meant  only  the  sand-bed<),  with  Am.  MarfhutomtK  and  Xmmtitmd 
atim;  the  sandy  clays  lying  on  the  top  of  the  Jurtnu*  beil  ( JM 
«  Trurhus)  are  called  by  them  (irr*  sujr,  '  ')ie  Kivr  t 

laminn*  of  which  remains  o(  Attfriaimri-  in<iiu>t. 

Cre*  xiiprrliasifjiie  is  also  found  in  Itur^nuii)  l\axjv>,  wbnv, 
ever,  the  arenaceous  beds  bc{;ia  to  disajiprur.  llua  i«  coo^ 
the  cn<ie  at  Calvados  and  in  the  south  of  Kn^lnnd,  nhrre  lbea»4 
lidVrior  Oolite  Ue»  iuimedintely  on  the  (fp  of  thr  roMiMmi  bedj 
contnins  in  the  harder  limestone*  of  i;  .tm.MurrUi 

Am.  EJiiuiirilianuK,  D'Orb,  Am.  7'r  •  irh.,  and  ,V«( 

linrattia.  To  the  north  of  Bath  santUtones  rvaupesr  i  ia  p^ 
prcHt  lo<-al  formations,  as  at  Xorthamtitun  aud  L'hclUiahwa  0^ 
hands),  which  are  known  as  inferior  oolite.  Thew?  foriiialiiwa  ( ' 
from  the  coarsely  oolitic  character  tljron':''  -'■  .l.«.I~« 
santl,  sometimes  brown  ond  ferrnginou*, 
bands   (.\rbnry   Hill).      Am.  Murrkiimn,r  i 

i'rrirn  fieraoiiatus,  Clyprv*  tinuatui,  /'^i/i../^  i k.i.-  i/6fu^u 
are  chietiv  found. 

Thu*  there  HMtccur  here,  at  the  hejfiohu.;:    t'  the  "1 
eonditioiiii  siniiUr  to  those  with  which  tlic  "  black  ivn.' 
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viz.  those  of  sandstone  formations  in  localities  bordering  on  older 
,  sandstone  mountains,  such  as  the  Peak,  the  Vosges,  and  the  Black 
'  Forest.     Far  from  such  mountains,  upon  the  open  sea,  these  con- 
ditions were  wanting,  and  couscijuently  thi-se  deposits  are  also  want- 
ing, or  are  represented  only  by  uniniportnnt  limestone  beds. 

11.  Middle  Brown  Jura,  y.  and  o. 
Inferior  Oolite.     Etaye  bajocien  (D'Orb.). 

y.  Lower  Coal.     Calcaire  ii  Entroijuet.     Calcaire  leedonien.     CaU 
caire  ii  Pohjpiers. 

2.  Oolite  inferietire.     Oolite  tie  Bayeux. 

Marnei  vimtliennea.     Marnea  afoulon. 

Fuller  »  Earth. 

Hard  blue  limestones  with  Peeten  demi»sua  passing  upwards  into 
brown  marls,  with  Mijacites  tleprextut  and  spines  of  Cidarites,  con- 
stitute tlie  transition  to  a  system  of  clays  and  calcareous  marls — i, 
which,  sometimes  of  a  lighter,  sometimes  of  a  darker  colour,  are 
distinguished  by  an  abimdance  of  fossils.  Am.  eoroitatug.  Am.  llum- 
p/irie^anu)i,  Oetrea  critta-yalli,  O.  pecliniformis,  a  legion  of  7Vre- 
bratvlce,  and  Dunax  Aldiiini,  are  characteristic  of  this  series.  Above 
these  succeed  dark-coloured  clays  with  Brli-m/iitet  ffii/antetit.  So  also 
in  Swabia  and  Switzerland.  In  the  latter  district  above  the  sandy 
clay  beiLi,  with  Am.  Murchisonte  and  a  Gryphteu  witli  a  large  ear 
(which  is  also  frequent  in  the  south-west  of  Swabia),  lies  a  red 
ferruginous  oolite,  ctmtuining  the  shells  of  o,  Terehnitvlte,  Am. 
coronatus,  Oiftrfti,  and  Rel.  (fii/anteu.t.  \\\  Mont  Jura,  as  well  as 
in  Swabia,  this  is  separated  into  beds  of  hard  limestones  and  clays, 
the  former  surpassing  iu  bulk  the  superincumbent  clay,  contrary 
to  what  takes  place  iu  Swabia.  The  limestone  which  is  very 
constant,  and  passes  through  the  whole  of  Burgundy,  is  greyish 
blue,  hard,  and  brittle,  containing  numerous  stems  and  arms  of 
Encrinites.  Hence  it  ilerives  its  name,  Calcaire  ii  etitrnqiies ;  an- 
other name  is  Calcaire  hrdonieii,  from  Lredo,  Lons  le  Sauuier  (Dep. 
Mont  Jura),  where  these  limestones  attain  their  greatest  develop- 
ment. .\bovc  it  repose  thick  hniestones  with  corals,  tlie  Calcaire 
a  Polypierx,  which  occupies  a  considerable  tract  in  the  east  of  France. 
These  limestones,  then,  pass  from  Mont  Jura,  along  the  Vosges,  over 
Besan^on,  Vesoul,  and  Nancy,  to  Metz.  Aijarieia,  Paronia,  Attrtea, 
Anthophyllum,  Lithodendron,  in  company  with  Terebratulee,  Myee, 
and  spines  of  Cidnrites,  characterize  this  formation,  which  in  munv 
places  has  so  great  a  pniijortion  of  silica,  that  the  sliells  of  t\\eMyie  and 
Terebratuitt  are  well-preserved  in  quartz.  The  similarity  between 
this  and  the  (.!oral-rag  is  verj'  remarkable.  These  coral-limestones 
must  be  looked  upon  as  pcxuliarly  a  French  formation ;  for  its  equal 
is  nowhere  to  be  found  either  in  Switzerland  or  hi  Germany.  I  am 
inclined,  however,  to  regard  our  blue  limestones  as  a  synchronous 
deposit,  the  lower  portions  of  which,  the  real,  hard,  bhie  limestones, 
which  are  poor  in  fossils,  answer  at  all  events  to  the  Calcaire  h  en- 
troques,  and  the  French  coral-Umestones  might  then  be  compared 
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with  the  upper  marly  bfdi  of  y,  which  contain,  likv 
trngincnts  of  Myie  Hiid   Cidarilea.     ConU  otn  xm 
as  ty|>ical  t'orins  in  tlitfernit  countries,  for,   woord 
coniiitiuiis,  a  bed  may  fout^iin  corals  at  one  |daca  md  be 
of  them  at  aiiothur.    CuraU  iiavc-  rvon  been  foopd  in  9«»bt»  m 
thi-staiiLM|Uurric's  Ht  Doiizdorf,  ut  the  fijut  of  thr  Ilnhci»oIWffV»a 
Other  places.   Thin  occurrence  of  coralu  in  tht>  "  brown  '        "    ' 
coiniiiencitig  in  the  eastern  Juru-raiigc  of  Frnncr,  strrt 
gundy,  and  from  tlu'uce  into  the  En,(;li»h  lufcrior  t)ol6 
proof  how  every  stratum  can  become  a  cornl-r«g,  and 
faciei  of  a  bed  n)av  be  subject  to  variatiotu  cvmi  uwlrr  i 
ing  conditioni«.    Already  connected  with  thi*  i»  the 
Oolite,  so  important  a  forniiition  both  in  F.ngbinri  and  FVaacr,  'i 
is  associated,  above  witli  the  rore»it-nmrblo,  ami  lx*low  with  ti»c 
douian  limestone.     In  these  three  '  ••i  th#  « 

French  Jura-devation  ;  here  are  thi'  '•  ibc  «« 

ext4.'n»ionH  in  width;  and  it  it  oiti}  ntcraUsI 

with  it,  oAen  unobserred  and  of  in-i  -,  that  ft 

remind  us  of  tiie  piirallels  in  nthi'r  cDinuriw. 

To  these  limestoiic's  first  siiccocd  the  cnlrMvou*  inarl«,  MAt 
or  blue,  with  iiadly  preserved  fragmentit  ol'  Ammimittm  UM  A 
ni(e*,  but  rich  in  CoHchifrra.  1  ilo  not  hcsiitatr  to  regard  the  Jf^ 
vf^nilirHm-*  or  Fullrr'*-carth  as  thr  e<{tiivalrnt  of  otir  c.  Mm.  < 
tuttu*  and  Hel.  yif/uuttut  arc  certainly  wmitine  l">>  ')<••  mam  ot 
shells  resemble  tho8C  in  i^wabia.  Theiw  nuii 
tcri«ed  by  <)*lr*u  Mamhii  {crinta-galli),  ().  /> 
(•ervillia,  I'rrnu,  J'/wladitHii/a  f'ritai/i,  Plmr 
Dynattrr.  In  IliirKundy,  where  the  linj.  * 
than  the  clayi,,  bard  yellow  linie»toniii,  ti-i 
A$n.  I'iirftimiiiiti  nml  Donoje  Aliluini,  tor  i 
of  the  clays;  but  there  nn- senernlly  toun.i 
with  (Sereillite  and  / ' 
MiiniM  ii/ituloii.     'I 

ment  de  la  ,Sarthe,  where  ihr  two  lit»i-mi-ii 
(ierrH/ia  tvrtuotanixil  <iastrorhitiia,iirv\\f 

To  this  also  i*  the  EnKli»h  t'orniatinn  rt-Uted. 
referable  to  "  inferior  oolite,"  or  rather  it  i«  not  to  be 
as  a  sfK-cial  Innl.     Still  there  are  saniUtone*  that 
limestone    with    I'nitacrinitrt    rult/arU.    Trrettraiu: 
Above  these  in  the  south  of  Kiigland  ixjcur  the  he«U  at 
earth,  sonietimes  argillaceonn,  stnnetinu-*  arenaceous,  in 
rillia,    Prrua,    /'in/td,    (hlrra  acumiitala,    MoJtalm   ^iA«««j 
aliiluctut,    .1/1/17,    hocarJia  ulriiita,   I.   foHetHlrtr*,   Pi 
and   TrrrliratulfP,  lire  found   in  great 
Knglnnd  (Cnrltin)  Hank,  York^' 
land  NniiiUiiiiii',  n4y?ording  to 
xaiuUtonr  fonnnlinn,  with  a  l><> 
which   i<  pliiei'ii   betni-en    the 
st<uu-"  of  l'liillip>.      Hut  the  ,.: 
wluit   the  Fullrr's-rartli  of  the 
itarnr*  rr<u/i>iui«<«  alao  arr,  thi;  «.  nt' 
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Am.  eoronatut  is  found  in  this  bed,  also  Perna,  Terebratula  hipli' 
cata,  T.  permuiUii,  and  spines  of  Cidnris ;  accompanied  indf  t*d  by 
Am.  macrocfiji/ialuji  and  ,^fii.  Iieetiru»,  which  with  us  make  their  first 
appearanoe  in  the  succeeding  stratum. 

Normandy  also  makcf^  an  exception  here  in  the  pamllehsm  of  theie 
strata.  Above  the  Ught  yellow  limestones  of  the  upper  Lias  with 
Am.  radians.  Am.  Thuuariemis,  and  Am.  cnmmunit,  ruposc  the  beds 
of  the  Oolite  infMmire,  Oolite  de  Bayeux,  or  terrain  liajoeien, 
with  their  well-known  abundance  of  shells.  In  the  environs  of 
Bayeux  (tothe  W.  and  N.)  this  oolite  forma  a  plateau,  where  it  is 
exposed  only  in  ditches  and  quarries.  The  lar{;est  quarries  arc  near 
St.  Vigor  and  Moutiers.  Here  the  Oolite  in/irieure  atibrds  pretty 
well  all  the  shells  that  in  other  parts  are  contained  in  the  whole  of 
the  '*  br()wn  Jura."  But  we  must  not  imagine  a  great  development 
of  this  deposit  ;  there  are  beds  of  about  '.i  or  4  feet  thicknesii,  gome- 
times  coarsely,  and  sometimes  finely  oolitic,  of  a  yellow  colour,  and 
consisting  almost  of  nothing  else  but  fossils,  and  presenting  in  this 
narrow  space  everything  that  is  contained  at  other  planes  in  a  deve- 
lopinent  of  as  umny  hundred  feet.  Am.  Murekigona>,  .4m.  diacut. 
Am.  Foronatun,  Am.  Iliimphrieilamu,  Am.  Parkiiitoiii,  Am.  hecti' 
citu.  Am.  Tritrllei,  Am.  tubradialus.  Am.  triplicatua,  .-im.  ptaiiula. 
Am.  viacroerphaliis.  Am.  llerreyi.  Am.  Hrtmi/niarti,  .4m.  Oercillei, 
Am.  bullalua.  Am.  microntnma,  IJamitea  Piir/cinnoni,  and  many 
others,  Pleurotomaria  pi/ramidalia,  PI.  cadomensia,  PI.  ornala,  PI, 
decorata,  Triyonia  roatafa,  Aatarte  ohlu/ua,  A.  depreana,  Oatrea 
peelini/ormia,  O.  Maraliii,  Terebratula  biillata,  T.  biplicata,  Bel. 
giganteut,  and  B.  catialiculatiis  {tulcatm)  may  be  collected  in  great 
numbers.  To  those  must  be  added  many  rarer  forms,  na  Nalica  ad- 
dueta,  Melania  vittata,  Corbuta,  Area,  Aurintlii,  Cardita,  Craaaina, 
&c.,  all  of  which  are  in  an  excellent  state  of  preservation.  From 
what  is  here  stated,  we  may  perceive  that  this  oolite  of  Bayeux  is 
not  comparable  nor  identified  with  any  other  bed,  but  is  peculiar  to 
Normandy.  The  Swabian  geologi.st,  who  knows  Am.  coronatua  and 
Am,  Humphriesiauus  to  be  so  absolutely  separated  from  Am.  Par.^ 
Itiiuoni,  and  these  again  from  Am.  maeroeephalua,  by  clays  and  shales 
lying  between  them,  sees  here  in  one  bed  of  A  feet  in  thickness  all 
those  shells  together  which  at  other  places  are  typical  of  different 
beds ;  a  clear  proof,  that  in  certain  localities  of  the  sea,  animals  of  a 
different  epoch,  and  elsewhere  separated  by  strata,  may  occur  in  one 
dey)osit ;  and  tlint  the  same  depositions  may  continue  at  one  place, 
which  at  another  have  been  succeeded  by  others.  By  this,  moreover, 
we  perceive  that  we  have  in  Calvados  deep  sea  accumulations,  whilst 
m  England  and  Swabia  littoral  deposits  occur.  The  synchronism, 
however,  of  the  stratii  specified  cannot  be  doubted. 

Great  Oolite.     Bath  Oolite.      Bradford  Clay.     Forett  Marble. 

Grande  Oolite.     Oolite  de  Caen.   Etage  bathonim  (D'Orb.).     Col- 
caire  de  Ranville. 

llaupt-  Hogenstein . 

This  is  the  great  mass  of  whitish  yellow,  oolitic  rock,  spreading 
from  the  south  of  England  to  the  west  of  the  Black  Forest,  and  form- 
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from  these  qvmrrics  are  worked  out  of  the  Great-oolite,  and  in  order  to 
get  to  them,  the  Forest-marble,  of  10-12  feet  thickuess,  is  removed  ; 
the  latter  is  here  filled  v,]t\i  CoT!ih,Ec/iiiioi/fn)iata,  and  Jpiocrinitft. 
Iti  the  south  of  Enj^laud  the  (ireat  Oolite  is  in  force,  presenting 
all  the  varieties  of  the  rock ;  and  at  several  localities  it  is  rich  in 
Buiall  aiul  clegimt  shells.  This  is  the  ease  near  Bath,  Stonesfield, 
&c.  Ileuce  the  name  "  IJath  Oolite,"  which  the  Trench  adopted, 
because  even  on  the  other  side  of  the  Channel  the  same  stratum  is  to 
be  Ibrnid,  near  Luc  for  instance.  This  bed  is  a  local  formation  of  the 
Great  Oolite  ;  it  is  a  snow-white,  soft,  oolitic  limestone,  very  inco- 
herent, and  consisting  almost  entirely  of  shells  and  fragments  of 
shells.  This  bed  can  be  best  observed  between  Luc  and  Langnme. 
tliree  leagues  Jiorth  of  I'nen,  near  the  sea-shore.  The  tide  here  eats 
into  the  shore,  and  the  ebb-tide  clears  away  the  debris  ;  towards  the 
top  of  the  20-2.*)  feet  thick  bed  we  find  an  immense  abundance  of 
TerebratiilfV ;  T.  i/iffmia,  T.  biplicata,  T.  feiiiyii/aris,  T.  plicatella, 
T.  concinna  ;  also  Erhinodernmta,  as  Ilemicidaris,  Echinus,  Gale- 
rites,  &c.  ;  further  down,  there  is  a  bed  of  bivalves,  generally  with 
the  valves  8e[)arate,  such  as  Xiicu/a,  Area,  Lima,  Corliula,  &.c.  The 
■whole  bed  Ls  interlaced  with  Corals,  with  a  strong  base  of  Astraa,  Mee- 
andrina,  Lithodendrun,  Mndrepora,  and  Sci/p/iia  ;  Sefpula;  are  found 
ill  great  quantities  upon  the  shells,  which  are  often  entirely  covered 
with  parasites ;  small  Gasteropoda  and  PatelUe  are  aUo  present.  On 
tlie  other  hand,  the  Cephalopoda  seem  to  have  become  extinct,  not 
a  trace  of  them  being  found.  I'pon  this  local  deposit  of  the  Bath 
Oolite,  there  appears  in  the  south  of  England  another  local  forma- 
tion, the  "  Bradford  Clay,"  situated  between  the  Great  Oolite  and 
the  Forest-marble,  full  of  the  most  beautiful  fossils ;  this  bed,  how- 
ever, does  not  find  any  ]iarallel  in  other  countries.  In  Wiltshire, 
especially  in  the  neighbourhood  of  Bradford,  we  meet  with  a  quantity 
of  grey  unctuous  clny.«,  with  their  organic  remains  in  a  most  perfect 
state  of  preservation.  Here  are  found  Jpiorrinites  intermedins,  A. 
rotundus,  A.  elonyutus,  A.  dic/iotomus,  with  crown,  stern,  and  root ; 
al.so  Terebellaria  ramosissima,  Avieula  costata,  Terebralula  coarc- 
tala,  T.  eoncinna,  T.  diffona,  Serpvlu  trianyulata,  Lima,  GerriUia, 
Modiola,  Cidnris,  and  others.  The  Forest-marble  rests  on  the  top 
of  the  Bradford  clay.  Stonesfield,  already  famous  for  its  Great  Oolite, 
exhibits  a  fine  development  of  this  stratum  also  [?] ;  we  here  find 
Clypeus  and  Galerites,  MiUepora  slraminea  and  Ceriopora,  Triyonia 
piillits,  Pecten  similis,  Modiola  imlirieaia,  Oslreii,  Fleiiroloiitariu, 
&c.  But  this  bed  already  shows  evidence  of  the  general  inclination 
of  the  English  Jura  to  form  sandstone,  and  at  many  places  we  find 
the  hard  marbles  replaced  by  clay-  and  sand-beds.  Towards  the 
north  especially  do  these  sand-beils  gain  in  force  (Upper  sand),  in 
■which  I'enlarrinites  lulrjuris  and  Plants  are  abundant.  The  sand- 
stones in  the  Forest-marble  of  Wiltshire,  near  Castlecombe,  fre- 
quently bear  the  markings  of  the  tracks  of  small  animals  upon  their 
grevisli  yellow  lamina*.  In  Yorkshire  these  sandstones  obtain  at  last 
8uc!i  a  development,  that  they  surpass  the  whole  Great  Oolite  for- 
mation, and  resembling  the  "  lower  coal,"  now  hold  a  separate  place, 
as  "  upper  coal"  or  "upper  moorland  sandstone,"  containing  innu- 
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lucrable  frftgmciits  of  plants  (twenty  af>e<aM  of  Moimmio^I»M 
soiia-  l>u-olyli'(loii!>)  belweeii  the  gr>  .  '  Mie  nd  eomMwh. 

tliiM  licre,  lilt  ill  SwHhtn,   the  ext^  n-MHidrtaM  fcnl 

have  takeu  the  plM-e  of  the  Great  Uulitc  (llaupt-RagHHlri^). 


i 


III.  Upi'ck  Brown  Juha,  r.  a»o  i. 

The  claijx  of  t.      ComliratA  limettone.      -tstiie  Mifttit 

Vttagr  bathonien.      Diilte  naercr,  Hnirm. 
Thf  ferruijiniiun  oittile  of  t.     Kellowayt  rock. 
Oxforilim  inji'ricur,  D'Orb. 
Oxford   clay,      (hforiiien    may  en,    D'Orb.      ArpiUm    A 
Murnm  oxforiiirnne*. 

Above  the  f^reyUh  blue  mitrlr  limrstoiin  with  .4m.  tor»mmtM^ 

the  ehtys  with  Belemnitrs  gi(jaHtra»,  there  ot\en  appear  is  S 
Btronjily  developed  black  clays.  They  ciiiiljuti  «iUeiti(4  AlBWoaj 
Am.  Parkintoui,  Am.  hrrtieiu,  Hamitrt  hifurmtut,  (htrrm  tm^ 
•mall  Bivalves,  Trigonia  rottiila,  t'lfuri>t»mnrin  i/tfeora/*,  Tl 
tnonilitertiu^Turriteltu  rrhinnla  \  a  mim  '■<///«« 

&c.     Above  these  lie  hard  lime»i<iiie»,  with 


ffl 


Trreltr.    rariiin* ;    and    iijKin    thexr  a  let*    I'rrt    of 
oolitic  beds,   with  .tm.  tnartorfjiknlun.  Am.   Iriptiemtmrn, 
lai'i*,   .tin.  Lutlntin;  Am.  uiinrontoma,   (laleriln  dfprtmmt^ 
latixvlratii*,  and   li.  fanalirtilattm.     The  samr  i«  tW. 
north-west  ofSwahin,  for  inotaiice  on  the  Uh 

are  more  jinrticiilarlv  developed  ;  hut  nen  ni ,., 

we  always  find,  between  the  romnati-  and  maerwtpkuU- 
with    Am.    I'nrkingoni,    Am.    bifitrfotut,    I'koladoimmm    JMM| 
and  'IVigotiia  rontatn.     I  l>elievi-  that  the  black  Paricinmmi  ellj 
best  represented  by  the  Kiigli»h  ('ornbr»»h,  w!i    '  Hkiw'm 

represent  the  lied  with  Aii>.  rortmatiu  ;  bent  'inihrHll 

taiim   greyish  blue  limestones  and  chiys  witti  i'Auludtmfa  JM 
inni,  (htrea  Marshii,  Mtfii  l'.*rripta,  niiiiibiTs  of  "" 
m-rhaps  even  .-/ill.  Ilerreyi.     The  fowiU  ei-ri'       ■  '>at  i 

ncre,  but  only  the  position  of  the  elnv-U-d 
Kelloways  rock  ;    but  we  see  by  the  formaliuu  \ji  llut 
fereiit  countrieK  bow  the  r.  of  Swabia  pasM-«  gndtially 
Conibrash.     The   French  ('onibra»h  luu  iiuit*  • 
which  by  no  means  accords  with  that  of  Ku^lami ; 
of  its  confempuraueity  the  French  have  piven  it  the 
I  did  not  find  this  formation  in  the  west  of  Fnutev,  bbtl 
partji,  especially  in  Mont  Jura.     Here  it  fiinsiiits  of  ■ 
oolitic  Umestoues,  aometiineii  dark  clay*  wit'i  -  — -!'  ♦'a 
valves,  which,  however,  are  found  both  in  tl  *ad  th» 

portions,  in  coiiseijuencf  of  which  we  cannot  ponii  ont  t>«c  tl 
khrlls.     In  .\aru7iu    and   Hajile  first  appear  as  charact«TMlir 
Am.  I'ark:  -rata,  aud  tifto  Am.  « 

rrphahtn.  1*.    ()n  Mvodat  of  thd 

nieuts  ill  the  .^:.  If  I 

oiann  *  call*  it  ^ 

*  ttiai  «u  l«t  MoUveawtu  ji 
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a  decided  trnnsitton  to  the  Swabinu  ParAiiuoni-dayi.  It  is  not, 
therefore,  altogether  uicorrect  to  parallel  these  stratB.  As  to  age 
they  seem  to  he  tlie  Hiime,  iaiismuch  as  thcv  everywhere  underlie  that 
important  geognostie  horizon,  the  Callovifn  or  the  macrocephali- 
Led.  As  tar  as  1  have  examined  the  Jurassic  series,  I  have  never 
i'ounil  these  strata  of  more  than  a  few  feet  in  thickness  ;  oolitic  beds 
from  a  rediUsh  brown  to  n  yellow  colour  are  never  absent,  and  these, 
even  if  the  lower  beds  deceive  ua,  soon  jjuide  us  again  to  the  snjior- 
iueumbcnt  ornati-v\Ay8 :  and  it  is  really  a:<tonishing  tu  gee  in  the 
organic  remains  of  foreign  countries,  for  instance  the  "  Browii-Jnra" 
fossils  of  the  Ilirnalava  and  Cutch  (Am.  Iriplicatua,  Am.  macriy- 
cephaliu,  Am.  (lowerianus,  Trigonia  costuta,  &c.)  exactly  the  game 
red-brown  colour,  as  if  the  specimens  had  been  collected  from  the 
Kelloway  of  France  or  Germany.  Tliis  bed  of  ferruginous  oolite  is 
of  very  general  occurrence ; — in  the  north  of  Germany,  from  the 
Maine  to  the  Uhine,  from  the  Rhine  to  the  Loire,  in  Calvados,  and 
in  England  :  different  typical  shells,  however,  chamcterize  the  forma- 
tion in  the  different  countries.  In  France  it  abounds  with  Am.  Par- 
kinioni,  Tereliratula  variatm,  iVc.  ;  and  Am.  macrocephalua,  together 
with  Am.  onialim  which  lies  above  it,  occur  in  a  silicilied  state.  On 
the  other  hand.  Am.  mnerocfphalua  oi' Swahm  is  here  so  constant  that 
it  is  never  absent  from  this  stratum  even  when  but  few  feet  thick. 
In  Switzerland,  however,  the  fossils  of  the  oma//-clays  already  pass 
down  into  these  oolites.  At  the  Bahnberge  near  Solothum,  near 
Bettlacb,  Vnlorbes,  and  the  Beniese  ilura,  are  found  together  with 
the  fossils  of  the  macrociyhali-hvi\  (these  .\mmonites  excepted),  cal- 
citie<l  ./m.  ornutut.  Am.  annnlarU,  Am.  uthleta.  Am.  convolutus, 
which  all  re-appear  in  a  siliciiicd  state  in  the  black  clays.  With  this 
in  France  and  England  this  formation  commences.  In  Mont  Jura  and 
in  Burgundy  ((^hAtillou-sur-Seine)  the  Callorien  occurs  ui  consider- 
able force.  The  rock  remains  always  the  same.  As  characteristic 
shells  we  have  to  notice  Belem.  latigiilcatui.  Am.  ancept,  Am.  triplica- 
ttu.  Am.  Ja«ov,  Am.  cori/afiis,  and  Terehr.  biplicata.  Here  and  there 
Am.  miirrocep/ialiis  is  also  found  in  Mont  Jura.  The  same  obtains 
in  Calvados,  near  Dives,  a.i  alno  in  England,  namely,  the  shells  of  the 
or«a/i-clays  already  appear  here ;  as.  Am.  Callueientis  (Ja-ioii),  Am. 
Diincuiii,  Am.  gemntatuji  {oriialii*).  Am.  perarmatu».  Am.  utAlela, 
Am.  hifrons  (/leeticitt),  Am.  Kiinigii,  Am.  fiinifenia  (Lamberti),  Am. 
rultfaria,  and  Am.  maerocephulut.  Near  Chippenliam  is  also  found 
Criucera/ites  Parkinaoni  {Ilamitea  bifureati),  [Aucyloceras  Cailo- 
viense?]  which  in  Swabia  occurs  lower  down  in  the  series. 

If,  however,  the  ferruginous  oolites  are  jmlffiontologically  separable 

I  into  a  German  and  a  French-English  series.,  the  formations  of  these 
countries  unite  again  in  the  oritati-c\ai\^  the  Oxford-clay,  and  tlie 
black  unctuous  clays  with  silicilied  shells.  Am.  ornatua.  Am.  Jaton, 
Am,  annularis ,  Am.  raprinua.  Am.  ronro/ittiia.  Am.  bipartitua.  Am. 
hectitua.  Am.  Lamberti,  are  i'ound  in  them  in  the  German  Jura,  but 
not  all  together  at  every  locality.  Already  in  Swabia  are  local  dif- 
I'ereuces  with  regard  to  the  shells  distinctly  perceivable.  Am.  urna- 
ttia  and  Am.  bipurtitua  occur  priuci|ialiy  between  Neuffen  and 
Locheu;  they  are  alao  found  singly  at  other  places,  but  never  in 
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Buch  size  and  abiuidnuce  as  near  NeuhnuKrn,  Juiigixigca, 
hausen,  and  Lochen.  On  the  otlier  hand  the  Tarirtj  of  < 
is  here  entirely  wanting,  whieh  Animouile  is  found  moct 
near  Gamniclsliauscn  and  Heiuingen.  Jm.  L»ml>rrti  t» 
ratlicr  rare,  as  well  as  Am.  athleta  aiid  Jnt.  Baktrut. 
land  and  Mont  Jura  the  di^itribiition  of  xhrlU  i>  qnite 
Monte  terrihilo,  Belfort,  Ue:<aneon,  Saliiis,  and  Andrlot  are  rieh 
ties  for  the  o/virt/i-clays.  The  chief  foMilx  here  •!«  .4wi.  l^a 
Am.  amniliiri.1,  and  Ant.  hreti'iit,  whiliit  our  Am.  efrmahi*  ■■ 
Jagijii  luive  (li;n)i|ienred,  end  are  onl_vfninid(  ImrarA 

the  Col/orlen.    Jte/eni.  haitatun  \i  also  gri.>  i   thwMJ 

form. 

These  elays,  exhibiting  t)ie  abore-nientioncd  [wlwumlcilntiii 
ferences,  yet  always  remaining  similar  in  ap]>eanuic«,  rxtend  tfc 
Franee  (in  Burgundy,  where  limestone  iirrdnminafaea,  tbcy  ai 
and  there  wanting)  to  the  sea.  Between  TmuTiUe  and  Divai 
clays  (Art/iles  tie  Dire»)  re-occur  in  full  force  in  the  lofty  < 
Vache*  uoirex,  formed  of  argillaceous  and  ralcuteoas  i 
posed  to  the  continual  erosive  action  of  the  \-  '  ''  '^-i-tJun  m 
coast.      Ill-re  .sections  of  the  strata  from  the  •  itei^«a 

the  (Jreensand  are  exposed  to  view.  'I'hosc  oi  iiic  "  Browa  i 
consist  of  clay-beds,  in  which  Grt/phaa  ililatata  i*  fooiMl 
every  step.  The  brown  oolitic  Kellovinn  limrstot»c-b«l  (« 
named  by  the  Nonnan  peoloin>t9  after  tlic  Kugliah  ** 
grit"),  with  calcified  Am.  Lambtrti,  Am.  raprimus,  and  , 
tnatuK,  divides  the  black  elays  into  two  distinct  portlOTli^  ' 
ouly  Gri/phcea  liiliitata  in  couiinnn.  In  the  upper  pwt ' 
cifjed  Aiiimoni/es  (Oxford-eliiy ),  U-low  the  Callontn  atij  K 
and  finsteropods  (Cornbrnsh)  ;  the  sra  washes  the  ahcUa  ovfl  4 
three  beds,  and  throws  them  on  the  shore  mixrtl  togctbfT;  I 
case  their  respective  beds  are  not  recognised,  uui  liencc  kU  <mk 
blnck  clay  has  been  reguriled  ns  Oxford-eUv.  In  the  tra*  Ol 
cluy  re-appear  only  Am.  ornattix  and  Am.  Jaton.  Ilrre  oosd 
Lamlirrii,  very  thick  and  larg<',  .im.  tuhltevu.  Am,  mlUtim, 
prraruialus,  Am,  rapriiiu.i,  and  Am.  macrofrnkjUut.  Ewrrtll 
silieilied  and  preserved  with  rare  Iteauty  ;  the  nn  of  tbe  ahl 
especially  to  he  admired  ;  they  snqiass  the  SwaliMUi  BpoOBMBi 
or  even  SIX  times.     Am.  atAlrta,  .Im.prrarmi'  1m.  Ltm 

attain  1  —  1^  foot  in  dmmeter,  and  are  cluing'  -irr  amm 

metallic  lustre.      I'ectrn  fihro.ntJi  and  Tritjoma  I'tarrii^tm,  UK 
forming  whole  be<ls  alH)vi'  the  elays,  occur  hexe,  hut  arc  not  An 
Swabia. 

The  same  conditions  obtain  on  the  other  nde  of  tlw  CIm| 
Am.  athlria.  Am.  Jaaoii,  Am.  nuttttrtit,  anil  .^ai.  Comtflmmd  {i 
lutua)  are  characteristic  in  the  envirmK  .>t°  <^>vriird ;  at  aone  | 
the   eliamlKTs   of  the  Ammfmitr*  are    :  i  white   ealci 

('hrixtian  .Moliord,  near  Chippeniiam,  ha>  . ..  «..  ^  .arfrr  »ap|)li«*< 
•hells  peculiar  U)  this  formation ;  they  are  mn»tly  iim«/i.  cm 
nacreous,  and  with  the  month  wrl'  1.      Am,  •/«MM^  ^ 

lip  an  inch  long,  i>  termed  ./m.  //'  .  the  lip  of  ,4m.  4 

Imtv*  i»  qtiite  aa  long.     Together  wiiii  tbc%  are  aiao  finil.  hf 
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the  Ammoniteit  above  referred  to,  lielemnites  with  almost  perfectly 
jireseneJ  slioils,  impressions  of  Insects  with  other  rarities;  the 
fine  and  unetuons  mud  having  particularly  favoured  their  pre- 
servation. Lastly,  in  Yorksliire,  a.s  in  Swahia,  we  again  meet 
with  silicified  shells ;  and  here  are  nUo  found  teeth  of  Squahts, 
Crustacea,  Attacui  {Clijthia  MandeMohi)  in  the  concretions  of 
tliia  bed. 

M'ith  this  the  "  Brown  Jura"  of  Leopohl  von  Buch  closes.  Here 
also  the  "Brown  Jura"  iit  Germany  has  its  natural  boundary  ;  the 
lighter-coloured  clays  and  limestones,  which  arc  now  developed,  an- 
nouucing  a  new  ju-riod, — that  of  the  "  White  Jura." 

In  Switzerland  and  in  France  there  is  no  abs(dute  boundary  between 
the  "Brown"  and  the  "  White  Jura,"  as  wa.'j  also  the  case  in  the 
transition  of  the  "Black  Jura"  into  the  "Brown."  Uence,  that 
which  enivstitutes  the  "  Lower  White  Jura"  in  Swal)ia  is  bo  closely 
connected  with  the  orna/i-clays,  that  this  name  is  used  for  the  "Lower 
^^^lite  Jura"  in  the  non-German  countries. 


C.  The  White  Jura. 

A  powerful  devcloj>ment  of  this  formation  ia  peculiar  to  the  Ger- 
man "Jura."  Here  it  attains  a  thickness  of  above  1000  feet,  whilst 
in  England  and  France  it  is  often  scarcely  1 00  feet  tliick.  The  loss  suf- 
fered by  the  Jurassic  system  iu  Germany  by  the  absence  of  the  Great 
Oolite  and  Forest-marble,  is  counterbalanced  by  the  great  develop- 
ment of  the  "  Wiite  Jura."  What  the  "  Brown  Jura"  is  for  France 
and  England,  the  "White  Jura"  is  for  Germany, — each  having  in 
the  respective  cuiuitriea  surpassed  in  develojiment  the  other  members 
of  the  Jurassic  series.  We  here  see  how  ditHcuU  it  is  to  [larallcl  all 
the  atratfl  of  different  countries.  In  jiarticulars  they  differ  entirely, 
and  there  only  remain  general  similarities ; — geognosticallv,  the  pre- 
dominance of  limestones  ; — pabcoiitologically,  the  development  of 
^  Corals  and  Echinodcmis ;  the  Cephalopods  playing  a  less  and  less 
important  part,  and  ultimately  almost  disappearing. 
I.  Lower  White  Jura,  a.  and  /3. 
Mamea  oxfordiennes  supirieurea. 

On  the  orno/i'-clays  in  Swabia  are  superimposed  alternations  of 
clay  and  limestone  to  a  thickness  of  COO  feet, — very  regular  and  thin 
layers  of  white  limestone  traversing  grey  clays.  In  the  lower  clay- 
beds  (a)  Terebratvla  tmpreaaa  is  a  very  characteristic  shell ;  there  are 
also  found  small  silicified  Am.jilanulati,  with  Rostellaria  and  Astarle; 
whilst  the  limestones  towards  the  top  are  characterized  by  Am.  poly- 
ffi/ratva  tmd  Am .  J/ei-uosKS.  I  do  not  know  a  more  instructive  locality 
for  the  "  Lower  White  Jura"  than  the  Ilmids-Riicken,  a  mountain 
2S00  feet  high,  eastward  of  Balingen,  on  the  borders  of  Prussia  and 
Wurtemberg.  At  the  foot  of  the  mountain,  nearthcvillageof  Strcichen, 
are  the  or/ia/i-clays,  alwve  which  lie  the  light-grey  limestones  with 
T.  impretta ;  the  alternating  limestones  ami  clay-beds  rise  to  the 
summit  of  the  mountain,  where  we  find  in  the  white  limestone-beds  of 
a  great  steep  precijiice,  the  finest  Am.  plunulati  andjlexuoai,  Bcltin. 
haatalus  with  large  aleeoli,  teeth  of  Squalua,  &c.     The  presence, 
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moreover,  of  fragments  of  wood  and  groupa  of  At 

tlie  former  cxUfence  of  au  extensive  shorc-fonrurtioii  i 

Switzerland  and  in  Mont  Jura,  T.  impretta  ]»  found 

in  the  cky»  containing  ./»(.  Lambrrli  and  Am.  omatiu. 

therefore,  so  extensive  with  us,  is  reduced  to  m  Biiiumim 

French  "  Jura,"  and  is  comprehended  ondBr  the  naste  ai  i 

oxfordiennr$. 

Beyond  Burgiuidy  a  trace  only  is  to  be  bond  cilber  of  lU 
the  succeeding  fonnatioii. 

II.  MioDLi:  Whitk  Juka. 
Scuphia-UmtttoKft  anil  LaeuHOM-Ar^. 
Terrain  tirgorien.      Terrain  k  thaiUet, 

From  out  of  the  re^darly  stratified  limetton»-li«d> 
up  a  great  many  coral-reefs,  upon  which  a^aiu,  at 
regular  limestone-strata.  This  Division  of  tbr 
the  natural  continuation  of  that  Ix'low,  for  it  rruiiiis  .'/at.  flmm 
Am.  Jiejcvomis,  and  Brlrm.  hcutatus.  In  th«  rand-baaka 
"  Lower  White  Jura"  livc<i  numbers  o{  fm»3l  Mallmmem  wuA  Mt 
such  as  are  always  found  nn  coral-reefs.  At  rvnrd*  tht  C 
"Jura,"  this  bed  isoncof  thcmost  imjKirtani.  for  tnc  «lr«rlapa 
these  coral-reefs  cuntrlbnted,  without  doubt,  largrly  to  tarn 
fonnatioii  of  the  Alpine  margins.  The  Spangilv*-li«l»  «V 
developed  in  Swabia  ai\d  Frnnconia  ;  from  theniT  thrnr  mav  b< 
through  Switzerland  to  Mont  Jura  ax  far  si't  H<irin)a<iy« 
gradual  loss  of  force.     At  many  jilaccs  in  >  J. 

delot.  both  l>eils  lie  directly  over  the  omati  ■  ^ilim  a, 

of  M — lU  feet,  the  latter  cnntainiii};  ./ai.  Lam6erti  and  T, 
calcified  Am.  planulati,  Siyphiir,  L'nemidua,  and  T. 
last  place  I  met  with  T.  laeunona  and  the  Spomfilta 
Censoir  (Dtp.  Yonne),  where  the  iflebnUcd 
is.     Here   the   oma/i'-clay.t,  as   well   aa   moat  of 
beds,  have  disappeared,  and  on  the  top  of  the  Foi 
Great  Oolite  lies  the  fissured,  marble-like  Uuirstuoc 
and   immediately  upon  that   the  bed  wilit  CW«rM 
ApiocrinUe*  Milleri,  &c. 

Further  from  hence  wc  find  no  trace  of  this  bed,  eitb» 
mandy  or  in  England.    Mr.  J ,  Toulmin  Smith*  if  at  ptaaeaC  ^ 
in  more  ]iarticidarly  examining  the  sponges  iu  thcBritMl  Mam 
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the  llanden ;  and  1  understand  that  he  Itas  omr  i 
from  the  Jurassic  rocks  of  England,  but  tlwt  in  the  GreenaaDd  I 
mauv  sjKH'ies  that  are  related  to  the  Sjituicitr*  nf  our  "  White 
The  ■'  Middle  White  Jura,"  cl<  with  Uw  - 1 

is  to  be  particularly  looked  upon  as  > '  itinn,  goMH 

racterized  by .y/n,/i/(/jiw/iih',  Ter.laeuHi^  ^xevla. 

the  indication  of  a  shallow  sea,  would  ig  up  & 

tea-bottom  after  the  "Lower White  Jura"  di ;  -tppaoM 

M«-levid.     The  accumulation  of  clay  was  gr^-^..  ...  i'l 

*  [Compuc  Mr.  i.  Toulmin  Soulk't '  VcauicaUte  af  Um 
— TaAH*!-] 
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bia,  and  Switzertand,  traces  of  which  continue  even  over  Mont  Jura 
into  Burgundy  ;  the  sponge-beds,  however,  always  keep  pace  with 
the  argillaceous  aceunmlations.  The  Mont  Jura  geologists  call  the 
formation  Terrain  nrgorien  in  consequence  of  its  extensive  develop- 
ment in  Aargnii,  and  comprehend  iu  tliis  the  Lower  and  Middle 
"  White  Jura,"  considering  the  coral-reefs  to  be  local  and  unimport- 
ant accompaniments  of  the  clay-  and  limestone-beds. 

In  this  category  likewise  falls  a  local  formation  peculiar  to  the 
Swiss  "  Jura,"  the  terrain  d  chailles,  a  bed  so  rich  in  quartz  that 
most  of  the  fossils  are  silicitied.  These  shells  partly  remind  us  of 
the  Oxford-clays ;  they  are,  Am.  cordahis.  Am.  contotutus,  Gryphaa 
dilatata,  Trigonia  claveUata,  Terebr.  biplicata,  and  T.  lagenalii, 
with  Apioerinites  niid  Pentaerinites.  This  formation  is  clearly  local, 
and  finds  no  [)arallel  in  other  countries ;  here,  however,  it  occupies 
the  place  where  in  the  German  "  Jura  "  an  indication  of  the  same 
fauna  appears.  The  greatest  similarity  of  the  terrain  li  chailles 
exists  paleeontologically  with  the  Lower  Calcareous  Grit  of  Yorkshire, 
a  local  formation  between  the  ooUtic  Coral-rag  and  the  Oxford-clays, 
and  iu  which  also  Am.  cordatua.  Am.  coneolutiu,  and  Gryphaa  dila- 
tata are  typical  shells. 

I  IIL  Upper  White  Jura. 

Matsive  limestones  [ plumpen  FeU-kalke'].  Coral-rag.  Groupe coral- 
lien.  Saccharoid  limestone.  Marble.  Dolomite. 
The  unstratified  masses  of  the  Upper  "  White  Jura"  throughout 
Germany,  and  as  far  as  Burgundy,  constitute  a  good  geological  hori- 
zon. They  form  the  picturesque  rocky  valleys  of  the  Swabian  and 
Franconian  Alps,  and  their  fissures  give  origin  to  the  celebrated 
caves.  These  rocks  are  almost  destitute  of  fossils  ;  in  the  upper  por- 
tion, however,  there  appear  a  few  Corals,  Radiaria,  and  Terebratula. 
The  English  Coral-rag  has  been  compared  to  this  formation,  so 
characteristic  of  the  German  "Jura;"  and  indeed  these  unstra- 
tified rocks  have  had  this  name  applied  to  them ;  but  quite  erro- 
neou.sly,  for  in  England  and  the  north  of  France  the  Upper  "White 
Jura"  is  always  bcdderi,  and  nowhere  resembles  the  bold,  massive 
rock-ridges  of  the  German  "  Jura."  In  the  south  of  England  the 
Coral-rag  consists  of  a  hard,  bluish-grey  limestone,  of  a  few  feet  in 
thickness,  full  of  Oslreee,  Cidarites,  Corals,  and  fragments  of  shells, 
passing  upwards  into  the  Coratline  Oolite,  which  occurs  in  some- 
what greater  force.  In  the  neighbourhood  of  O.xford  it  lies  im- 
mediately upon  the  dark  Oxford-elays  with  Am.  perarmalus  and 
Am.  omatus.  In  the  north  of  England  also  this  formation  is  strati- 
fied, and  we  find  that  the  calcareous  beds  of  the  Coralline  Oolite 
are  separable  into  three  divisions.  The  lowest  bed  is  the  Lower 
Calcareous  Grit,  distinguished  by  a  great  many  small  Bivalves,  Grij- 
pheea  dilatata,  and  Ammonites,  which  already  in  the  Oxford-clays 
are  found  silicified.  There  are  not  yet  any  Corals  ;  these  first  appear 
in  the  Coralline  Oolite,  lying  above  it,  and,  together  with  the  accom- 
panying fossils,  remarkably  agree  with  those  of  the  German  "  Jura." 
\Ve  here  find  Anthophyllum  obconieum  (Turbinolia  dispar,  Phill.), 
Manon  eapitatum  {Spongia  Jhricepi),  Lithodendron  (Cargophtjllia) 
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tylindrka,  Attrtta  htUoHthnuU*,  .4.  clefflota,  A.  tmkml^fik 

rilet  coroniilus  (Jinriffnnma),  Echinur  ■•.  Vtn 

natua,  Spiittiriffiis  ornli* ;   Apioerinites  .'.  /.  Muk 

TrorhuK  ;  TurliO  ;  Nrrimta  ;  Am.  ittjlntut.  Am.  aert 
plaiiidafi.    The  tlnrd  division  of  flit*  ('oml-rnc:  fornii 
careous  firif,  which  is  not,  howevfr,  found  r\ 
Lowrr  Grit,  is  rlmrartorizcd  h_v  n  (inantitv  ol"  -:  .ili 

menta  of  shells.     Tin-  winii-  ohL-uns  in  Nonniuidy,  where 
coast,  hctween  fncn  Bnd  Huuflrur.  as  also  in  il"-   ini 
gieux  in  the  Morlitfjiif,  thi-  whitish-yellow  o< 
found  in  considerHliU'  i-xtont,  hut  in  littlr  fur<. .      ...-.A 
cular  appear  here,  and  a  hed  full  of  Thgunitt  elarrUal^ 
formation  from    the  Artplet  de  i)ir<-«.     lierr,  ••  ia 
"  Jura,"   the  ahseucc   of  Cephnloporls,  and   the 
Corals,  Radiatn,  and  Divalvcs  rclatnl  to  lUtrra  (nrm  a  ■■flw 
horizon  ;  in  the  German  "Jura"  the  aWnct-  of  all  brdding 
massive  cliaracter  of  the  fonnation  elearly  mm'  '.f  boria^ 

that  indeed  the  last  in  the  "Jura."  for  ln-.^  ii* 

undergo  preat  variations,  the  examination  of  whuli  u  ihc 
cult  of  the  whole  Jurassic  series.  We  have  eiiicrialU 
•gainst  any  cx|XH;tation  of  ]>lnelng  the  l»edj»  of  diffrrmt 
any  one  order  of  succession  ;  so  as  to  sav.  for  in«t«nw,  I 
limestones  lie  above  or  l)eneath  the  S4Aeuhofe»«hm  or  Mi 
Portland-oolite.  These  are,  rather,  three  wpantfa  aad  pa 
Forms,  lying  side  by  side. 

We  may,  perhaps,  la'st  comprehend  the  DiTtskmi  of  the  **  J 
above  the  Coral-ra^  by  the  entembte  of  the  omaic  ttumim  i  II 
therefore  consider  first  the  Coral/actV*,  teconaly  th*  Moltaic^ 
and  thirdly  the  Vertebrate-/a«>». 

1.  The'Coralfaeie*.—1\\f  unstratiBcd  "  >»'hitf  Jam"  mmC 
laid  by  any  more  extensive  beil,  and  forms  the  l«ft 
Juraasic  series.     This  is  sometimes  the  cur  orer  wide 
timra  it  only  offers  prominent  isolated  vpots 
and  shores,  in  whose  basins  and  creek*  the  yotmgeri 
ru<-ks  re[K>sc. 

In  the  Franconiaii  "  Jnra"-nin(re  from  Slaflebtetn  to 
Dolomites  are  not  overlaid  bv  niiv  other  Jtimuic  bnl ; 
everj'where  covered  with  iMJKt-t'  iia,aAcn 

mulations  of  shiugle-sands  [Gi'-'  t^l 

which  here  and  there  on  the  dreary  piatcaa  projwti—a  of  (ke  ] 
mite  np[iear,  whilst  the  niaacivc  Dolomite  ia  rxuoaed  io  tlie  *4 
The  same  is  the  case  upon  the  road  from  the  Mltra  Vafler  (! 
gendorf  and  Streitberg)  to  Ambcrg.     Ami  wc  find  that  the  lidk 
of  the  Heights,  when  broken,  rihibira  trace*  of  Corab  aa4 
bratultt.     Generally,  however,  isolated  tracts  and  poiata  aalf  a 
rock  occur,  and  these  have  often  surronndetl  in  cxttiiahv  m^m 
the  basins  of  the  Jurassic  bedii,  and  affonird  protcctioii  to  tha 
pitatious  of  the  fine  mud  that  fonned  the  Solenhofra  ahwra.     Ol 
spots  the  Swabian  "Jura"  presents  a  great 
Uandcu  and  the  Rie«,  where  we  may  ulMcnre  the 

lying  side  by  side  with  the  stratified  LohKcT'daw-abak* 
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latter  leaning  against  the  former.  These  are  often  escclleut  |tlacea 
for  the  finding  of  fossils,  whenever  quartz  (everywhere  so  common  in 
tiiu  Upper  "Jura")  aifects  the  Corals  and  slu-lls ;  especially  the  old 
jiit  of  St.  Margaret,  upon  tlie  lleiijlits  l)etwcen  Natthcim  and  Hei- 
<leiiheirn.  (Jtlier  such  places  in  Swnbia  are  the  Heights  near  Pap- 
[(elliiu,  Itlaubeuren,  Aniegg,  Sirchingeii  near  Urach,  Mest-stetten,  and 
Nusplingen.  Asteroid  Corals  [Stern-Korallen]  forming  these  reefs 
are  Aolrtea^  Mteunilrina,  Lithuthntlrun,  Antliophytlum,  Eiplanaria, 
and  Agaricia ;  characteristic  Apiocrinitcii  and  Cidiirite»  are  also 
always  present.  But  this  Form  of  the  Star-Corals  is  not  tiie  only 
one;  the  ajjpearaneent  sonic  piaa's  of  the  ci-liniar  and  tuimlar  Corals, 
acconipanietl  with  llnivnlves  and  Bivalves,  fontis  the  irausition  to  the 
Molluse-yac?'c».  This  Coral-grou[)  f  Koralleu-Form]  is  the  more  re- 
markable, as  with  it  is  ass<iciatcd  a  Bivalve — the  Jlicerag — wiiieh  has 
always  attracted  the  attention  of  geulogists.  The  appearance  of  this 
shell  is  marked  by  two  jieculiaritics  ;  it  is  never,  for  instance,  found 
without  those  massive  cellular  and  tubular  Corals  {Co/umnaria  and 
Calnmopora),  which  form  entire  rocks,  and  then  only  at  those  lo- 
calities where  some  limestone  overlies  tlie  "  Jura."  The  Dicerna  is 
a  very  rare  form,  and  in  the  German  "Jura"  is  only  found  at  Kel- 
heim  and  Katisbon,  where,  upon  the  Heights  aromid  the  valley- 
declivities  of  the  Daiuibe,  Laaher.  and  Naab,  a  series  of  snow-white 
limestones,  full  of  remarkable  forms  which  arc  found  nowhere  else  in 
the  "  Jura,"  lie  above  the  Dolomite.  Complete  specimens,  however, 
arc  very  rare,  and  of  these  most  are  merely  casts.  Chinna  Miinstn-i, 
DiceraH  arii'lina,  Terehratula  inconttans,  Lima  yigaiiteit,  Mi/tilus 
amp/ug,  Nerintva,  Natica,  Plurocera*,  Sec.  are  most  generally  found. 
The  rarer  forms  are  Capruliiia-\i\ie  Bivalves  and  Modiota  lithophaya; 
amongst  the  Gagteropoda,  Tornaiell<e  and  Nerinreee,  reminding  us  of 
Gusau  and  Abtenau  ;  and  lastly,  PoUinpes  Nilsioni  and  P.  rigidut 
at  Ebcnwies.  These  JU/rera^-limestones  arc  not  separated  from  the 
underlying  Dolomites  ;  there  is  an  almost  imperceptible  transition  of 
the  Dolftmite  into  the  Limestone,  and  frcijuently  the  Bicernt'm  seized 
upon  by  the  former.  No  other  Jurassic  bed  overlies  the  Limestone, 
but  above  it  we  find  the  Greensand-strata  with  the  well-known  Ezo- 
ffi/ra  colKin/jii,  and  we  dearly  jvcrceive  that  thp/>iV<'r««-liinestuiies  form 
the  only  and  last  Jurassic  strata  between  the  Dolomite  and  the  Chalk. 

On  comparing  the  pluenomena  of  the  French  "Jura"  with  this 
locality,  we  are  struck  with  the  similarity  of  the  formation.  Between 
the  celclirated  grotto  of  Arcy  (Yonne)  andClmtel  Censoir,  we  ascend 
llie  moinitain  over  massive  rocks  containing  Am.  plunitlafi  and  Tere- 
firittitta  inxiffiiin  ;  arrived  at  the  summit,  we  find  it  covered  with  suow- 
white,  softish  limestone,  consisting  almost  entirely  of  cellular  and 
tubular  Corals,  Nerintvee,  and  Dicerata.  In  the  vicinity,  however, 
the  (]halk-formation,  which  surrounds  the  whole  Paris-basin,  crosses 
the  Yonne,  and  furtlier  on  the  Loire.  The  conditions  of  the  Mor- 
tagne  de  la  Sarthe,  from  whence  are  obtained  the  pretty  little  Dieeras- 
casts,  are  the  same.  'ITie  Dicera*  is  also  found  at  Pagnoz  in  Mont 
Jura  and  in  the  Swiss  "Jura,"  in  the  vicinity  of  the  Neocomian. 
But  in  the  Swabian  "  Jura"  we  may  in  vain  look  for  its  existence, 
because  here  there  is  Dot  a  trace  of  ehiJk,  and  the  Stai-coral-/af im 
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is  developed  in  the  Upper  "  Jura."     In  like  manner  ■•  the  i 

character  of  the  Diceras  (acuonliiig  to  Ewald)  tmitnt  the 

the  "  Jura  "  with  those  of  the  Challc,  so  also,  in  a  i 

view,  this  shell,  by  its  occurrence  only  in  the  nciuiti 

taceoua  Formation,  is  an  iiitennediate  link  between  [ rtr 

two  extensive  systems.     The  iJiceraa-^rou])  with  the  : 

a  parallel  to  the  more  romniun  Star-coral  gruup,  couUitutM^  I 

with  die  latter,  the  important  and  far-spread  ConiI-/iM9Mt 

Upper  "  Wliite  Jura ;"  and  it  forms  also,  by  i'»  K'in? 

with  Molluscs  of  all  kinds,  the  trausitioo  to  tli>  Fm 

2.  The  Motliisc-/acie». — Where  the  before- n  -i»«t 

rock-masses  [plumpen  FeU-Maaoen]  are  not  covcnnl  liy  Conl-t 
they  are  overlaid  with  extensive  calcareous  strata,  oi\rn  io  gfvai  ft 
in  which  Univalves  and  Bivalves  [ilay  the  principal  [i«rt.  Wv  i 
meet  with  Oyster-banks,  Ej:ogyr<t,  warning  us  of  our  •pafoae 
Chalk,  sometimes  with  beds  of  Gattrropoda  and  Ihmya  ;  aen  < 
more  with  the  gigantic  Cephalopods,  there  with  little  '  ~ 
In  Germany  this  condition  obtains  in  the  North  onlv 
and  Bnuiswick.  We  find  it  mostly  developed  in  Swili 
Mont  Jura,  where  the  stratitied  Upofr  or  "  Wliit*  Jura"  6a 
passes  all  the  other  members  of  this  fonnatiou.  and  whefc 
mountains  are  fonned  of  hard,  whitish-yellow,  marble-like  I 
masses.  From  thence  it  traverses  France,  being  at  a  fern 
interrupted  by  eoral-bauks,  euters  Cahado*,  croMea  th«  l" 
immediately  in  the  south  of  Englaud  forms  the  penhwoh  of  Poetli 
thence  it  extends  northwards  as  far  as  Yorkshiie,  wbeiv  Cofala  \ 
appear. 

We  find  three  principal  names  applied  to  this  fme^i 
nian,"  "  Kimnieridge,"  and  "  PortUind,"  which  will 
out  its  most  important  local  modifications.  lu  the  BcnacOT  imni 
Mont  Jura,  for  a  better  knowledge  of  which  sdcac*  is  i 
debted  toThurmaun's  researches  iuBrunirut,  i'r-~v-'--«^T  i 
Coral-rag  appear  whitish-grey  clays,  altenm 
shales,  tlie  latter  especially  inen■B.^ing  in  fori'e  luniuiit  tne  lo|k.  ' 
is  the  Oroupe  tci/uanieH,  cluinicterized  by  Aalarle  mitam*,  ^fm 
nitea  Mrriani,  and  ExiHjyra  Unrntrutana.  'Ilie  aitematign  of  wU 
grey  clays  and  cumpnet  hmt-stoni-s  uf  the  same  oohtor  eoola 
through  the  two  loUowing  groups,  the  "  Kiiumemlica ** 
"  Portland  j"  nomineralugical  diftVrenees  can  l>e  anynheR  i 
the  separate  groups  l>i-ing  rhuracterized  ov  liiflctvat^ 

remains.   In  the  "  Kinimcridge,"  which  i>  rdef^tltej 

lous  Fauna  is  re{ireMcntcd  ;    Ostrra  toliturt*,  Ctnmym, 
Pholadoiiiija  I'mlri,   anil   Ph.  trunrata   occaning  ia    li 
whilst   in   the  clays  of  the  "  Portland,"   nitmiMn  of  ' 
Pirrorrrat,  Xt/tira,  and  Srriiitra,  ha\e  bewi  nriacipaOy  ilr«^aj 
These  thre<"  groups,  however,  continually  pa**  niio  one's 
their  bouniUrj-hnrs,  owing  to  the  many  ott-rthrow*  ami  i 
are  either  with  difliculty.  or  not  at  all  Co  be  fcmnil. 
grouping  results   rather  from  the  necnuity  of  «ys(matiaa( 
great  masscN  m  similar  in  exremal  cliaraclers,  than  fraatlwj 
of  any  really  existing  divisions. 
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In  Burgundy  it  is  chiefly  at  Auxerre  and  the  neighbourhood  that 
there  lies  above  the  unstratified  rock-masses  a  system  of  regular  cal- 
careous beds  ;  these  are  of"  a  whitish-j-ellow  colour,  and  are  used  for 
paving  purposes.  Small  molluscs  are  here  entirely  wanting ;  but  the 
following  are  characteristic :  Pema  plana  (Mi/lilus  amplut),  Am. 
ffiffos,  Sow.  (a  gigantic  planulatui,  forming  a])assage  to  Am.  corona- 
tug),  and  Nautilus  giyunteus.  These  limestones  arc  called  "  Kimme- 
ridgian;"  and  a  hard  white  limestone  with  ^ro^yrn  viryula,  lying 
above  it  and  bearing  the  Neocomian  clays,  is  termed  "  Portlandian." 
In  Calvados,  above  the  (Jornlline  Oolite,  we  sometimes  again  find 
oolitic  limestone,  sometimes  black  clays,  in  neither  case  extensively 
developed, — and  indeed  this  is  generally  the  case  with  the  "  Jura  " 
in  this  countrj'.  The  oolitic  calcareous  marls  commence  near  Port- 
r  Evfque,  where  the  Tronques  passes  through  the  country,  and  extend 
inland  over  Lisieux  ;  there  they  are  mostly  used  for  the  manufacture 
of  cement.  The  yellow  marls  are  towards  the  top  filled  with  casts  of 
Mya,  Femu,  Luciiia,  Cardium,  Pinna,  Modiola  lithophat/a,  Ptero- 
cerag,  Natica,  and  Nerineea,  and  contain  also  Cidaritea  and  Echi- 
nites ;  whilst  in  the  Oolite  beneath,  Pema,  Pinna,  Trigonia  c/avel- 
lata,  Asturte,  and  Fenug  are  abundant.  As  numerous  Corals  are 
also  present,  this  latter  bed  ought  rather  to  be  associated  with  the 
Coru-rag.  Parallot  to  tliis  bed  appear  the  clays  of  the  Tronques 
Valley,  which  constitute  a  passage  to  the  English  formations,  where 
above  the  Coral-rag  lie  dark  Kiinmeridge-clays,  and  above  these  the 
light-coloured  Portland-limestones  and  Oolite.  Near  the  village  of 
Mault,  or  between  Ilonfltnir  and  Trouville,  we  find  the  last  Jurassic 
beds  of  this  locality, — black  clays,  Arffiles  de  Honjfeur,  full  of  Bi- 
valves, as  Ml/re,  Lttcina,  &c.,  having  white  shells,  but  mostly  crushed 
and  fragile.  In  Uke  manner  the  Kimmeridge-clay  is  represented  in 
the  south  of  England  by  black  or  bluish  clays ;  for  instance,  near 
Oxford,  where  at  the  large  quarries  in  the  Coralline-oolite,  which 
supply  building  material  for  Oxford,  the  dark  Kimmeridge-clays 
have  to  be  first  removed.  Am.  planulati,  Terebratulte  puguacece, 
TrigonieB  with  concentric  rings,  and  especially  Ostrea  dettoidea, 
are  found  here  in  great  quantities.  It  is  also  to  be  remarked,  that 
here,  as  well  as  in  Calvados,  these  dark  clays  are  full  of  small  clear 
crystals  of  Gy[>sum,  which  arc  found  nowhere  else,  and  which  may 
be  regarded  as  cliaracteristic. 

Lastly,  in  the  south  of  England  the  "Jura"  Formation  concludes 
with  the  Portland-stone ;  a  light-coloured  limestone  and  oolite,  oc- 
curring in  much  force  at  Portland  on  the  top  of  the  dark  Kimme- 
ridge-clays. Ammonitet  planulati  (Am.  giga*.  Am.  biptex),  Bucci- 
num  naticoidea,  Terebra  Porllandica,  Nerita  angulata,  Trigonia 
incurea,  Tr.  gihbosa,  Pema  amplu,  Pecten  latnellonta,  Ostrea  fal- 
cata,  O.  expansa,  Astarte  cuiieata,  Cardium  disnmile,  and  Colum- 
naria  oblonga  are  regarded  as  characteristic  by  the  English  geologists. 
Near  Oxford  1  found  the  Portland-stone  as  a  bed  of  white  calcareous 
marl,  of  a  few  feet  only  in  thickness,  with  Am.  planulutus  and  frag- 
ments of  some  Bivalves.  The  limit  between  the  Portland-beds  and 
the  Kimmeridge-clay  is  shaqily  defined. 

Thus  we  find  the  Porttand-stone  as  a  peculiar  local  formation,  ab- 
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.'till!  r  i^bcv  bvTV  piBT  tat 

of  the  MoUna  ot  tkc 

'  ia  caoaectad  wkk  IW 


sent  in  the  Nortb  of  EuglanJ,  nmi  nowlicrr  rrprated  oo  the  €«■<«■■(. 
The  North-Gcrmnn  "  Jura"-tornifttion3  of  tlu;  Lai^enbcf|;.  aaii  ik* 

abuve-ininitiDiicd  limestones  of  Frniice  and  Switzrrlaad  ham 
been  termed  "  Portland,"  and  altoniptg  have  rvm  been  oiadi 
this  name  to  the  Swabian  and  rrmicouinn  ralcuToaa  bcib; 
general  use  cf  the  term  i»  (jnite  erroneous ;  fur  there  exiUM  aM  dK  ham 
similarity  either  in  a  mineralogiral  or  a  palaoiilnlngiral  paiat  td  ritm 
between  the  I'ortland-stoue  of  England  and  the  M>i«allm  **  hllia4" 
of  France,  Germany,  and  Switzerland  ;  and  it  wa*  oalj  the  ■MMvktf 
similar  succession  of  the  strata,  or  the  natural  fediac  In  aofilvtatkK 
last  bed  of  the  "  Jura"  one  and  tlie  iMmc  nonM,  wttteli  IM  la  dii 
misuse  of  the  term  "  Portland."     The  Fortlaiul-«tooe  b  Molrapv- 
tiou  of  the  great  series  oi'  strata  furmiuj;  the  hloUuac^matt  tt  iki 
Upper  '•  White  Jura." 

3.   The  Vrrtrbratr-fariea. — The  wxilo-.- 
us  to  the  Group  [Fonn]  of  the  Upper  "  V 
cnlata  and  f'erte/jrata  ajipear.     Crustiirrn 
principal  part.     The  only  representative* 
Cephalo|tods.     But  geognostically  • ' 
first,  the  V^onX-fuciet ;  because  this  ^ 

only  in  bays  and  creeks  protected  bv  l,'or;ii-riil».    Onlr  at  tbe 
of  the  most  tranquil  seas  could  sncl)  laminated  bcdi,  «s  tW 
Lithographic  Shivles,  have  been  formed  of  t!ic  fiur«t  calcatca 
Between  the  Kanden  near  SchalThauscn  and  the  "Joia'* 
near  Ratisbon,  at  the  side  of  the  great  Coral-revf  wbieli 
N.W.  and  S.E.,  and  above  the  massive  Marbles  and 
a  series  of  calcareous  beds,  of  finer  or  coaner  graia.  ia 
laininse  or  in  much  thicker  slabx.      In  Swabia  tb*M 
eoiu^er,  inter.seeted  with  cale-spar  veins,  nut  spliUiii|t  n|pllaHr.  aaJ 
alternating  with  clays  ;  but  the  Francunioii  bed*  *rt  of  a  BMKb  fa« 
substance,  more  homogeneous  and  harder  ;  they  an,  lliimai.  «H^ 
distinguishable  at  both  yAtuxa  from  the  other  Juraoie  radcs 
clear  sound  they  give  wjieii  struck  with  a  banuncr.     Only 
conian  slates  are  used  for  lithographic  purposM,  ike 
Ix'iiig  those  of  Sulenhofen  and  .Mt'rn>iheim  ;  attnapts 
made  to  use  the  Swabian  schiiti  for  this  )iurpc>>.    '  J: 

The  juxta-jiosition  of  these  laminated  Ix-dswi  >ral-n^ 

l>e  obsc-rved  at  many  iilaces ;  and  wc  often  set  the  riTf-tflt* 
isolated,  in  groups,  or  ni  rows,  projecting  ahnre  the  IxiriaaMal 
Thus,  the  llcnitfeld  consists  ot  nhrrr  Mtm 

by  reefs  of  Coral-rng.     At  i^ii  i  itrun,  we  eaa  ■■ 

tiiat  the  shiUes  lie  lower  than  the  projrctioaa,  mimI  jrci  akov*  ikr 
uuas,  of  the  Dolomitn.     Near  the  Ntenuheiin  ruiua,  wc  aet^  apaa 
the  summit,  rocks  with  Trrrf/rat.iHcoHslaHMUtdT.trilaAttm;  alike 
side  and  below  are    the  lithographic  sbii''  mmrrir's  )>rae<ratii^  iaia 
the  rock.     Near  Kelhrim,  Kiindirk,  and  1.  \itet  tlte  Jhefrmt- 

limestones  so  dearlv  jmss  into  the  Fish-slni.  -. .....  ^u  duubt 

tJiat  lite  two  U-ils  lie  side  by  side.     The  laminated  kada  lure 
tratr  into  the  Limestone  or  the  l)oliiDut«,  ur  ikev  altcnaUe 
Bmiiher. 
The  rcniaiui  uf  auiinal*  of  higher  ordcn  ocrnr  ia Uiiaaklr ;  Ft 
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Cnufarea,  Insects,  Sepiie,  snd  AmmonttB.  Tn  Swabin  the  great 
<|uaiitity  of  Lobster-claws  is  every wbere  charBcteristic,  wbence  Uie 
a|>|K'lliition  of  these  limestones,  and  Fish-scales,  Lumbricariii,  Apty- 
chux*,  and  Ammo/iifes  are  also  found.  At  some  places,  as  near  IJlm 
and  Kinsingen,  we  ])erccive  a  transition  into  the  Mollusc;/rtctM.  The 
Vertebrata  first  begin  to  be  abundant  in  Franconia ;  where,  how- 
ever, there  are  so  niaay  local  peculiarities,  and  so  many  shades  and 
transitions  from  one  to  another,  that  in  a  monograph  of  these  forma- 
tions a  correct  aec<)u:it  of  the  localities  is  necessarily  very  important. 
These  local  variations  of  the  character  of  the  rock  without  doubt  de- 
pended upon  the  iufliicuce  of  fresh-water  ;  which  may  also  have 
caused  the  fineness  of  the  calcareous  mud,  the  riband-like  stripes 
on  the  lamina",  and  many  other  phfenomcua.  Fish  are  more  espe- 
cially foiiiid  at  Solenhofen ;  but  even  here  each  of  the  numerous 
quarries  has  its  )»articular  [iroduction.  In  one  we  find  "Spiesse" 
(lances)  and  "Sounen"  (suns)  ( />o//yi«<'*  and  .-/w/no/uVc*),  in  another 
"  Spiunen"  (Spiders)  and  "  Klauen  "  (claws)  (Comatulte  and  Ap- 
ti/cAi),  here  Crustaceans,  there  Fishes,  and  so  on.  Eichstadt  is 
remarkidile  for  the  number  of  Insects  (-127  slabs  with  Insects  arc 
exhibited  in  the  Lcuchteuberg  Cabinet),  LiMlultr,  Cicad<e,  Cimiees, 
and  lihitt<E  ;  there  are  also  beds  of  Crustaceans,  Fish,  and  Gorgoniie 
distributed  in  differejit  <piarries.  Kelheim  produces  the  finest  I'tero- 
dacfijli,  Aspiihr/i)/nc/ii,  and  other  splendid  specimens,  the  white 
chalk-like  matrix  being  here  favourable  to  fossil izat ion.  As  belong- 
ing to  thisyarif*  of  the  Upper  "  White  Jnra  "  in  other  countries  we 
might  reckcm  Solothnrn  with  its  Turtles  and  Fish-teeth,  and  Tisl)ury 
in  Wiltshire,  where  Lobster-claws  and  Fishes  are  found  in  the  ueigh- 
boiirbood  of  corid-banks. 

Into  so  nuniy  different  groups  and  local  formations  do  we  see  the 
last  member  of  the  Jurassic  series  divided!  How  different  the  con- 
ditions of  tliese  last,  compared  with  thi' Jrrst  beds — the  arietes-heds — 
of  the  ",Iura!"  The  latter  j)Qssesseil  a  family  of  .y«iwo/n7ejr  with 
Triillions  of  iudividnals,  a  (iriiphtece-  and  T/ta/unsites-hvd  with  innu- 
merable specimens ;  and  tliese,  in  a  homogeneous  blue  limestone, 
luiiforndy  s[iread  through  all  the  covuitries  in  which  the  "Jura" 
ap)iears; — in  the  former,  on  the  other  hand,  are  found  numerous 
families,  genera,  and  sjiecies  fnun  all  theCHasses  of  the  Animal  King- 
dom ;  and  that,  in  rtrata  of  such  manifold  varieties,  that  the  identity 
of  the  rocks  will  no  longer  be  found  to  agree  in  any  two  countries ! 
If  at  any  time,  then  surely  in  the  Jurassic  Period  illd  the  climate 
make  a  giant-step  in  advance,  educing  nudtiplicity  from  out  of  a  long- 
fixed  uniformity.  With  this  climatal  change  the  forrantion  of  Corals 
in  the  Jurassic  epoch  is  certainly  connected.  Where  no  Corals  exist, 
and  where  we  find  pure  pelagic  deposits  in  extended  horizons,  there 
nfipears  oidy  the  Mo!lusC;/*i'/ri>«  in  its  somewhat  narrow  boundaries, — 
tiie  cliaracteristic  condition  of  most  of  the  Jurassic  formations  (Scqua- 
nian,  KiinmeridKiaii,  and  FortltiiKlian)  ;  but  where  Coral-reefs  are  de- 
veloped tite  diti'ereut  Faunic  are  called  into  existence.     On  the  coral- 


•  [See  Strickland  on  .ijili/c/iui,  Quart.  Joiim.  Gcol.  Soc.  vol.  i.  I't.  I.  p.  232,  and 
Von  Hurli  and  llunncibirr  nn  the  &amc,  iiiit.  vol.  vii.  Cart  II.  \>.'i'2.  AIh)  Von 
Buch,  UuUctiu  Soc.  Gvol.  dc  Fnuce,  2ad  Ser.  torn.  vi.  p.  !i66. — TuAMiL  ] 
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banks  the  smaller  Molluscs  and  the  RtuNata  ere 
larger  circle  of  the  atolls  and  htgooDii  exist  aumkera  of  fuh't 
taceaus  -,  and  on  the  shores  Reptiles,  Insecti,  aad  fraht 
In  no  other  Period  does  the  chmate  undergo  so  f^mt  i 
no  other  Period  do  so  many  new  species  ap|>ear  upon  the  ] 
no  other  Period  ]>ossesses  so  much  imitortance  with 
history  of  our  planet,  as  that  of  the  "Jura." 

With  this  1  conclude  the  comparison  of  tJir  "  Jura  "  in  the  coi 
mentioned.     E^-h  has  its  peculiar  prrdominotiu^  fnrmatiaai 
passing  the  other  members  of  the  Jurassic  series.     In  the  Nn 
England  there  are  generally  great  saudstnne-furmatiom,  that 
the  clays  and  limestones  into  the  background ;  iu  the  Sooth 
gland  and  in  the  West  of  France  it  is  unlitr,  in  the  £•*<  id  i 
and  in  Switzerland  limestones,  and  in  Swahia  it  it  the  dars  ik| 
dominate.     A   formation,  rapnble  of  being  ideutiiird   by  flH, 
succession  and  by  organic  remains,  may  appi-ar  m  diflrtcnl  eat 
sometimes  as  sand  or  clay,  sometimes  as  a  Umestone  or  la 
Still  there  are  not  merely  diflereiices  iu  the  charaeten  at  id 
Rtrata,  but  there  are  strata  geogiiostically  distinct 
is  the  case  with  the  Great  Oolite,  which  is  so  impMtaaft 
lish  and  French  "  Jura,"  but  entirely  wantinr  in  Swafaik  i 
conia.     This  important  group,  often  developca  i 
the  whole  of  the  other  neeoinpauying  Jurassic 
the  "Jura"  with  an  ndditioiml  link  in  its  chain.  • 
geological  division.    Of  the  four  principal  IKrisioiH  oTI 
l.ias,  Oolite,  Oxfordian,  and  Corallinn, — or  Ijai, 
Upper  Oolite,  the  Great  Oohte  and  the  beds  aUnrp  it  a» 
Coral-rag  have  been  taken  together  to  form  ''-    •'  ■-}  I)i« 
Coral-rag  and  the  superincunilient  Iwds  en 
last  part.      Iu  the  German  "  Jura"  the  relative  jinipii 
different :  here,  where  the  Great  Oolite  Uwantinit.i 
groups  of  our  "  Brown  Jura;"  viz.  Oolite  ;it  '  n 
hear  no  proportion  iu  development  to  the  "  I 
Jura."     The  other  ]iriueii)al  ilift'trence  ari- 
days  and  hmestone!)  of  the  Lowt-r  and  Mi: 
the  Sponifitrt-hediHiTv  eulin'ly  wautingin  tbt-  Jin. 
and  England.     In  Swahia  "  Oolite  "  is  wanting  . 
is  the  "  White  Jura."     In  France  and  Knglaud  ' 
but  those  members  of  the  Lower  and  Middle  "V> 
so  important  in  (ierraany,  are  absent ;  for  in  Englaod  aad  iki 
of  France  the  Coral-rag  lies  immediately  aboTc  the  on««/»-  or(j 
clays.     In  Swabia  the  Sponffi/rn-bedn  and  the  Cord-rvdii  at  1 
ricnt  Gemiau  Sea  form  the  centrum,  to  which  therrstof  tha  * 
Jura"  is  subordinate.     They  form  the  summiti  and,  for  tkl 
part,  the  mass  of  the  Alps,  whilst  in  Knr'-     '  -■ '  the  North  of 
the  "White  Jura"  conmu-mvs  with  ti  15.     Thaa  tl 

the  north-west  of  Europt-  it  is  chiefly  tin-   ■  <  '.ntf"  funaatiaH 
cluultfteriw  the  "Jura*  ;  whiUt  iu  iJrmianv  the  "  NMiste  Ja 
,SuoHi;»?'»-beds)  is   cbnr.ieleristic.     The  "  White  . 
Iiaps,  lie  extended  unieli  furtlier  to  the  .\lpiue  Ume 
Italv.  and  Austria.     N'ictor  Thiolliire,  tlirough  ^ 
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Gebirge "  and  "  Petrcfakten  Deutschlands,"  has  drawn  attention  to 
and  studied  the  Proveuijal  Alps ;  auJ  in  the  before-inentlouf d  work 
"  Snr  let  terrains  juranttiques  de  la  partie  miridionale  du  bassin  du 
JlAihie*,"  he  has  defeuJed  th*.-  opinion  that  the  Alpine  Umestoncs  with 
Terebrat.  diphija  aixAAm.  Tatricim,  and,  lurthcr  on,  the  red  marble- 
like limestouc  of  Italy,  are  nothing  but  the  equivalents  of  the  Swabian 
Sry/j/ri/e-limestones.  T.  diphya  and  Am.  Tatricut,  he  observes,  are 
found  in  the  Lias,  in  the  Oxford-group  (i.e.  the  Middle  "  White 
Jura'"),  and  iu  the  Neoconiian ;  they  characterize  the  "Jura"  in 
the  Mediterranean  district  (/e  jtirassique  m^diterranien),  but  not 
any  single  formations. 

The  above-uicntioned  limestones,  called  also  the  Crussol-  and  Porte 
la  France-Umestones,  more  especially  contain  Am.  poUjgyratu»,  Ant. 
pofi/ploeiis,  Am.  hiplex.  Am.  flexuosHs,  Am.  hecticus,  Brlem.  hiuslO' 
t)u,  Aptychus  imbricatuit,  Terebrat.  lacunom,  and  T.  iiticleiitaf,  nil 
characteristic  of  the  "  Wliite  Jura."  Even  if  the  Sponge-corals  are 
fvanting  in  the  Alps,  thiij  must  uot  mislead  us.  Corals  can  never  be 
charncteri.stic  of  Formations  ;  the\-  appear,  rather,  everywhere  if  cU- 
matal  conditions  liave  been  favourable  ;  and  the  A/;owy/7?»-limestones 
of  Gcrmnuy  were  only  another  Fades  of  the  sea  which  in  the  South 
of  Europe  has  formed  the  Alpine  hniestone.  With  this  view  the 
stratigrajihical  order  of  the  other  Jurassic  Formations  agrees  ;  for  iu 
Provence  below  the  .'VIpine  Uraestone  the  oma/i-clays  with  Am.  Par- 
kinsoni  occur  ;  lower  down  the  opali/iii»-chiS3  and  the  Lias.  This 
Jurassic  group  extends  in  France  from  the  Mediterranean,  along  the 
Cevennes  and  the  Alps,  to  Mont  d'Or  Lyonnais  and  in  the  north  of 
the  Isfere-Departemeut,  where  the  Form  of  the  English- French 
"Jura"  commences.  If  now,  in  the  latter  Jurassic  range  "  Oohte" 
i»  pre-eminently  developed,  and  in  the  North  of  Europe  ( Russia)  the 
"Brown  Jura"  predomitiates,  it  seems  that  the  German  "Jura" 
forms  tlie  transition  from  the  "Jura"  of  the  North  to  that  of  the 
South,  where  the  "  M'hite  Jura"  has  its  chief  development.  The 
English-French  Gulf  of  tlie  Jurassic  sea,  in  the  middle  of  which  we 
now  find  the  Paris  and  London  basin,  constitutes  with  its  "  OoUte" 
formatious  an  isolated  group  analogous  to  that  of  the  Northern  "Jura" 
with  its  masses  of  "  Brown  Jura."  The  Fa\ma  of  the  North  exhibits 
but  slight  differences ;  but  the  contrary  obtains  with  the  formations 
and  inhabitants  of  the  Southern  Jurassic  sea,  stretching  over  Italy 
and  Greece,  towanls  Africa  and  Asia.  In  the  middle,  between 
North  and  South  Europe,  lies  the  German  "Jura,"  separated  from 
that  of  tlie  North-west  by  the  absence  of  the  "  Great  Oohte,"  but 
generally  eoutaiuing  in  itself  the  substances  of  the  Northern  and  the 
Southern  "  Jura,"  and  at  all  events  forming  by  its  coral-banks  the 
north  edge  of  the  southern  Jurassic  sea. 

The  following  Tables  aft'ord  a  general  survey  of  the  contempo- 
raneous Formations  of  the  "  Jura"  ui  descending  order  in  Francouia, 
Swabia,  France,  and  England  ;  and  the  vertical  development  of  the 
respective  Formations  is  in  a  general  way  typograplucally  expressed. 

*  Uullct.  <Ig  la  Soc.  Gcol.  de  France,  S^aace  8  Nov.  1847. 
f  Quenslcdt,  Petref.  Deutitch.  p.  261. 
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GrcoiiMunJ. 


Limestones, 

DioerM. 

Naticm. 
Mytiliu  im- 

plu<. 
Tcr.  iocon- 

iUnt. 

Cortli. 

{Hatuiim.) 


Scbists. 

FI>h. 
Criutoce*. 

Scfiili:. 

Aiiiinonite* 

with  Aptjrcliut. 


Duluniite  and  Marble. 


TenhnuiU  larnnou.     Sey 
fhim.    I'cotaer.  ciognlatu. 


Laminated  Liniestoon, 

Kilh  Am.  planulalt. 


Swabia. 


Molaaae. 


Soleiihufen  Schists  or 
Cralis-claw  Beds. 

Aptycbtu.    Tfreb.  pentafo- 
nilis. 

(Hue  CU7«. 

Nattheim  Cora]  Schid. 

Aiitliopli.  obconicuni.   Lilbod. 
trichotumum.  A*tnra. 

Apiocrinilci  Millen.  Ctd*- 
ritra  c<in>iuitM9.  Ncriiura 
dcpntM. 

Massive  Rocks. 
TetcU  iaaignla. 

Marble.     Dolomite. 
Siuvhiiruid  Ijiiit-sluue. 


Beleiuniies 


Sponintrs  Bed. 

TmtIi.  Uninma,  &f. 

Am.    iltrriiaiiv     polvplonu  ''c 

EiiTrniarnoim.     i'catacr.  *■>*■■■■ 

ciiiguUtui.     Srjiilite.  lart. 

Clavsi  and  Calcnvoui 
Korfs. 

A.  polfO >**■>•>  twiiuwa. 

CUTS, 

Willi  Tcrditatiila  ii 
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assic  Scries  in 

Burgundy. 

Normandy. 

South-England. 

North-England. 

Neooomian. 

Greensand. 

Hastings  Sand. 
(Pnrbeck  Stone.) 

Greensand. 

rUandian  Lime- 
stone. 

Portland  Stone. 

A.  biplex.     Bucdnnm 
naticoidet.   Terebra 
Portlandica.  Trigo- 
niaincuira.  Ferna. 

Kimmeridge  Clay. 

Ostiea  deltoidea. 
FlanU. 

xogjra  virgnla. 

Simmeridgian 
chistouB  Lime- 

Kimmeridge Clay. 
Plants. 

stone. 

UL  Pinna.  Am.gi- 

•ioeru.    Corals. 

Oolite. 

Turbinolia.    Caiyo- 
phyllia. 

Coral  Bag. 

Astnea.    Apiocrinns 
Milleri.    Cidarit. 

Calcareous  Grit. 
Am.  perannatns. 

Honfleur  Clays. 

Corallian. 

Mya.     Trigonia. 
Coral  Bag  Oolite. 

Ter.  insignia.   Cidaiis. 
Hemiddari*. 

Coral  Rag  Oolite. 

Cidaris. 
{Heddmgton,  &c.) 

Calcareous  Grit. 

govian  Group, 
icnnosa.  Spongia. 
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rassic  Series  iu 

Burgundy, 

Normandy. 

South-England. 

North-England. 

^ 

Dives  Clays. 

■ 

(Oxfordian.) 

1 

km.    Jason,    onialiis, 
Laml>erti,     sul)li£vis. 
Gryphoia  dilatata. 

Oxford  Clay. 

Kellovian  and 
Oxtbnlian. 

mtnne,  with   Am. 
nularis.  cnrdatua. 

Cornlirash 
Oolilic  limestone. 

Kellovian. 

Am.   cordatus,   capri- 
nua,  Lamberti. 

Black  marls.      Ostrea 
Marsliii.       Gervlllia.. 
I'eriiL 

Oxford  Clny. 

Am.   caprinus,   perar- 
matui,    mucroccplia- 
liu,  iublicvis. 

Cornbrash. 

Terebratulffi. 

Am.  Jason,   Dnncani, 
athleta.          Astacus 
(Clytliia). 

Kelloways  Rock. 

Cornbrash. 

fialerites  drpressus. 
Clypeus.    Pholadomya 

Murchisoni.     Ostrea 

Maruhii. 

Forest  Marble. 

CoraU.      Apiocrinites 
rotundus,  Parkinsoni, 

(Luc  Oolite.) 

•"orest  Marble. 
Corals. 

Forest  Marble. 

Great  Oolite. 

Pentacrinus  vulgaris. 
Corals. 

Upper  Moorland 
Sandstone. 

fuller's  Earth 

Marls, 
villia.  PUoladomya. 

nferior  Oolite. 

Vm.  Parkinsdiii. 
Coiiax  Aldiiini. 

Tercbr.   digona,   con- 
ciiina.    Corali.    Jlc- 
inicidaris. 

Great  Oolite. 
(Caen  Oolite.) 

Bradford  Clay. 

Apiocr.     intcrmedius, 
rotuudus,  &c.     Tere- 
bratuU  digona. 

Great  or 
Bath  Oolite. 

Monocotyledouous 
Plants. 

Grey  Limestone. 

Am.  Blagdeni.      Tri- 
gonia costata.   Pema 
quadrata. 

Introchi  Linie- 
stoue. 
CoraU. 

Bayeus  Oolite. 

Am.  Parkinsoni,  mro- 

'  natus,    Hunipbriesia- 

,  nu«.     Pleurotomaria 

Trigonia  coslata.  Os- 

trea  Marsliii.     Tere- 

bratulu,  &c. 

Fuller's  Earth. 

Oer^iUia.    Pinna.    0»- 
trea  acuminata. 

Lower  Moorland 
Sandstone. 

Monocotyledonous 
Plants. 

Ferruginous 

Oolite. 

Terebratula. 

Inferior  Oolite. 
Pecleu  personatus. 
(Marly  Sandstone.) 

k                                                                       ^ 
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Franconia. 


Clays. 

Am.  tiircinut,  ndiaiu,  Jiiren 
iU.  Ud.  digiulis,  ocuuiiu. 

Poflidononiya  Schists. 

SturiL  I'i»ce«.  Avirula  lutt- 
strut*.  Am.  tubuuulut, 
betcrophylliu. 


Blue  Clays. 
Am.  CMtctui. 


Aachach  Limtitones. 

A.  lulriz,  Ibex.    TerebnttnU 
Tidnilis. 


Hard,  cnanrly  crystal- 
lized Sandstones. 


Kciijwr. 


Swabia. 


Switaerkndi 


Jiirensia  Marl. 
A.  radians,  J  urciuU.  iniignis. 

Posidonomya  Schists. 

Saurii.    Pisrnt.    Lotigo. 
Am.  depreuoa,  LjrthtaMt, 

nulatut. 
Uelcmnitu  tcoviut.     I^Balfr 

crinus  BulxngulHrui, 
Am.   costatiu.      Terebtitala 

digoni.    Uelemoitc*  paxU- 

lowM. 

Anutlthciu  Clays. 


A.  DtvEi,  Uncatiu. 
BelemniM-bwL 

Numisnialis  CUjS. 
Am.  Tiylori, . 


Am.  nrieottatw. 

Am.  oijrDolus,  et  hifer. 

PhoUdomya'bed.    Al 
brookii.     T. 


PBcatidi 


Tumeri  Clays. 
Am.  Tomcfi. 

Pentarrinus  baultiformit. 
Am.  Bucklaodi.  Grfphaa 
■rcoata. 

Arietcs  Beds. 

Sandstones. 
Am.  angnUtat. 

Thalaaaitca  Bed. 
TliaUuitei 


Kcuper. 
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Series  in 


gnnily. 


Konnaiidy.  South-En  gland.       North'England. 


usic  Grits. 

mcrls.     Ain- 
rons,  railUns. 


?meiit  Bt'd. 

E^cca.    Am. 
ijllui,  aiiDU- 


iim  LiniL'- 
one. 

a  gigaotes. 

theus.    Pec- 

}QiTIllviiI. 

n,  lagcuolis. 

DSTEL 

itc  Marls. 

Qumisiualid. 


t.  T.  Ticina- 
Hi. 

;diu;  with 
iKffi  and 

ucklaiuli. 

isn  Group, 
■dinia. 


Am.  communis.  Thou- 
arsensii,    HoUndrei, 
bifratis. 
Fish  of  CroUsUlci. 


Gryph.  gigintea.     T. 

la^n^i&i  qDOfliiflds. 
Am.  msT^iritstui,  lie- 

terophyuna.  Spirtfer. 

Euomplialus.  Conua. 

Ani.Jainesoni.UaTs^i. 


Inferior  Lias. 

Canlinia. 


Alum  Shale. 

Saurti.  Am.  Walcottu, 
heteropli)']tiia. 

Jet  Hack. 


Marlatonc. 

Am.  Stokes  ii. 
Qtypb.  Maccullodiii. 


Aid.  DucklandL 

Lies. 

Am.  angulatus. 
Lima.  UermanoL    Pa- 
chyodon    coucinDiu, 
hybriilus. 


Whitby  Shnfe. 

Posidonomya.    Ino«i 
ramus. 


Am.  W'alcotlii, 
latns,  subarmatus,  he- 
teropbyllus.     Nuculit 
OTiiin. 


Baiibuiy  Sand- 
stone. 

Bctemnttes  penicil- 
latut. 

Edgehill  Sand- 
stone. 

(FeiTU^DOUB.) 

Ampbiura.  M}-a.  Uoio, 

Dowucliff  Sandy 
Marl. 

Am.  armattts,  Taylori. 

Aberthan  Blue 
Marl. 

An.  Dxynotui,  Infer. 


Am.  Bncktandi,  Cony. 
beiri,  &tL,  [Nugiy). 

Liuksficld  Saud- 
stone. 


&  Granite. 


Trilobite  Sand- 
stone. 


New  B«d  Sandstone. 
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On  the  JUKA-KORMATION  o/'RuSSIA.        By   ilm  ElCBWAU*. 

[Leouhard  u.  Uroiin'si  Jalirbuch  f.  Min.  u.».«.  1850.  pp.  13ft-237  i  mmI  En 
Arehiv,  n.  37H,  *l  My.] 

The  "Jura"  is  found  in  scvcntl  ilistricU,  but  with  the  ne 
the  Crimea  and  CBUca:su8,  it  funnsno  inouiitaiu-chjiin.  In  l| 
author  exaniiued  the  first  Jura»isic  bed;)  near  ihr  PupiUni 
Windau,  ui  the  goveruincnt  of  Wihin,  and  ninw  lliat  tuDe  r* 
)>L-cn  also  tr!irc<l  in  the  interior  of  Ruitsin.  In  the  IndrtH 
euiitain  mucli  argillaceous  iron-sloiie,  and  ill  thesy^Mnof  I 
niir-formation  they  are  chiinteterizetl  by  white 
ganie  reniaius  eontaiiied  in  the  latter  dilTer  very  modi 
the  "Jura"  at  Popiluni.  There  are  Seryula  '■ 
-isteriits  Jvmvnji,  Pentucrinua  (laitil/ij'ormit. 
Uoyeranu,  Gri/phftu  dUulata,  CrrrHlia  aciruloiiif*,  /'«( 
c/iixnnre,  lnnctirJiu  corctiluin,  Astnrlr  f'oltsi,  Lvriodim  _ 
I'teiirutdiHiirue,  HelfMniten,  and  , /wimonitM.  'iDCWcbcd*! 
with  a  blaek  ami  bron  n,  niiraeeoiis  and  very  noft  loun,  wbidi  at* 
]ilaee8  passes  into  potter's  clny .  Distant  from  this  small  Juraaiir  Im 
we  tinu  eastward  another  large;  one,  in  the  middle  of 
centre  of  whieh  Moseow  is  sit uate<l ;  and  from  hrnee  the  Jf 
extend  into  the  govi'nimeiits  of  Ujasnn,  N'buliinir,  Nijo 
Tambf,  and  Siudjirsk.  This  basin  is  separated  from  atMHher,  ' 
covers  the  northern  declivity  of  the  Obsehey  Sirt,  and  is  dkieAjt 
veloped  in  Oreidnirg,  near  Ilezknja,  here  formiiiK  the  li*iik*  of 
Ilek  and  the  Uriil.  liesiites  this  there  is  uiolArr  larje  aord 
Jurassic  l>u»in  whieh  extends  through  the  yiTernmfnU  Of  KoMM 
and  Wologda,  towanhi  that  of  ArehaugrI,  where  tlie  Jum^  I 
occupy  the  Timan  hills,  and  end  at  the  shore  of  the  Proaea  On 
Parallel  with  this  runs  another  chain  to  the  taut  of  the  Unl  ma 
t4iins,  along  the  rivers  Soswa  and  Tolga. 

Thus,  almost  everywhere  in  llussia  we  finil  "Jur*"-tHUUM,  aadll 
contain  more  or  less  different  forms  of  mnrinr  iinini»l».  Thf  n 
mostly  consist  of  dark  pyritous  schists,  oi  .imI  MadalaM 

niiirl,   and   less  fre(pu-ntly,   however,   of  li  ,  in  whidw  M 

England,  large  nodules  of  marly  limestone  arc  otlm  tbaad.  11 
J  urassic  beds  every w  here  repn'sent  the  ^Lddle  or  Oxfbnliaii  fiarantj 
of  England  ;  only  here  and  there  appear  beds  tluit  are  similar  to 
Lias,  as  for  instance  those  in  the  govenimeut  of  Muocuw  aod  Sonbil 
which  contain  liones  of  Ickthyojunnm  and  PUttotaanu  of  rtlj  ti 
8i«-.  Only  at  Petruwsk,  near  the  bouudary  of  the  gortnumtal^ 
Charkow,  are  the  upfier  developed  together  with  the  miiidk  J«n 
beds  ;  and  liere  they  form  a  small  isolated  haaiii. 

The  "  JnrR"-forin8tion  around  Moaeow  hat  been  moM  miaal 
examined.     Here  it  takes  its  place  '<"  ><>n  the  Band 

hmeatonc.     The  strata  are  of  calcAr>^  It  u  mmbt  flf 

passes  into  ferruginous  mArlv  loam  witli  suutU  graiua  of  f  ' 
f  Pea-ore — octahr«lral  ar«eniate  of  copper),  u  Boar  tha 
.Miatschkovo  and  (irigoijcw.    At  other  ptacfa  tite< 
iL»ell  couiaiiu  the  Linscucn,  and  at  the  Bame  dmt  i 


FR.  VON  HAVER  ON  SOME  OUTLIERS  OF  THE  ALPS. 


8.5 


I 


pyrites.  Thus  the  femiginous  loam  passes  sometimes  into  ferrugi- 
nous oolite,  which  only  rarely  contains  fossils,  as  for  instance  Belem- 
nites  Panihranus,  il'Orb.  Upon  this  loam  lies  a  black  or  grey  cal- 
careous loani,  micaceous,  and  very  similar  to  lia.s,  containing  besides 
Am.  alteriiaiis aud  Belemn.  absolvtut,  verfebrte  of  Icht/ii/omniniit  p/a- 
tynJon  and  Pleiiosaurus  Freargii.  The  shaly  clay  of  Jlcdjansk  for 
the  most  ]>art  resembles  lias ;  it  is  so  black  and  bituminous  that  it 
was  formerly  mistaken  for  a  coal-fnrination.  A  similar  hassic  loam 
is  found  near  Simbirsk.  This  loam  appears  at  many  places  in  the 
government  of  Moscow,  and  npon  it  reposes  a  siuuly  marl,  coarse- 
grained, shaly,  and  black,  containing  niica-tlakes  and  gypsum  ;  it  al- 
ternates with  a  black  loam,  cnntainins;  many  nodides  of  argillaceous 
ironstone.  All  these  beds  abound  with  organic  remains,  as  Ciiiari.i 
gemmifer,  Dentalium  gladiolun,  Terebrat.  Fixcherana,  T.  apti/r/ia, 
T. oxyopti/cha,  Aricula  (.-iiicella)  Fitcheraiia,  Prnten  tens,  P.  demixsus, 
A»tarlf,  Area,  Lyriodon,  Orbiciifa  Meeotis,  a  Turrilite-like  Scyphia 
rentricosa,  numerous  Ammonites,  and  a  few  Shark-teeth,  The 
Jurassic  beds  in  the  govenmient  of  Simbirsk  are,  froin  Jasykow's  re- 
searches, as  well  k)viiwn  as  those  of  the  northern  Ural,  on  the  Lobe- 
sina  and  Tolga.  In  the  latter  many  large  Ammonites  chieHy  occur, 
as  Am.  boreatis,  above  a  foot  and  a  half  in  diameter,  Am.  Kiiniyi, 
Am.  Sagitta,  Am.  po/yplociis.  Am.  septentriunalis,  also  Belemn. 
ciirtus  {Russien.fis,  d'Urb.),  B.  mammillaris,  Pleurotomaria  septeit- 
trionalls,  PholaJmnya  angustala.  Ph.  mnntico/a,  and  several  others  ; 
Panopeea  antiqua,  Astnrte  Veneris,  Citculta-a  f'ogulica,  many  Pinnte, 
and  other  species,  but  chiefly  Terebratulte  in  great  quantities.  The 
Jurassic  beds  abio  of  Ilezkaja  and  Obschey  Sirt  in  the  south  of 
the  Ural  ore  remarkable  for  their  fossils.  The  Great  Bnlchan,  on  the 
eastern  coast  of  the  Casjiion  Sea,  consists  in  its  upper  portion  nf 
.lurassic  strata.  The  "  Jura"-('onnatioii3  of  the  Caucasus  am)  the 
Crimea  are  rich  in  Corals  and  (^riuoidea,  which  are  not  found  in  the 
more  northerly  Jurassic  basins.  The  "  Jura  "-formations  in  north- 
ern Asia  near  the  rivers  Jenisei  and  Lena,  are  less  known.  Lastly, 
according  to  the  author,  the  "  Jum"  is  present  in  New  Siberia. 

[T.  R.  J.] 


Oh  some  Outliers  of  the  Alps  teest  o/'Xeustadt  and  Neitn- 
KiRCHEN.     By  Fr.  von  IIaler. 
[Haidinger's  Berichtc,  Bant)  vi.  p.  It).] 
Herr  VON  IIauer  communicated  the  results  of  some  geolngicsl  in- 
vestigations made  in  the  spring  of  IS  19,  first  in  the  company  of  Dr. 
Homes  and  subsequently  in  that  of  HII.  Morlot  and  Czjzek,  among 
the  outliers  of  the  Alps  west  of  Neustadt  and  Neunkirehen  ;  in  order 
to  ascertain  whether,  as  has  been  frequently  a.sserted,  Xummulites 
really  occur  mixed  with  the  chalk  fossils  of  the  Gosan  fonnation. 

The  fir.st  s[)ot  visited  was  the  declivity  of  the  Gahnsbcrg,  north- 
west of  Gloggnitz.  The  neighbourhood  of  what  is  called  the  Pos- 
rheidiaus  and  of  Gahnsbauer  had  been  pointed  out  as  verv'  important 
bv  Herr  Partsch. 
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That  gentleman  iiad  lately  viaited  thu  cpot.  ami 
lent  them  the  maj)  of  till' Quarter-master 
employed  on  lii!<  route,  iiiiil  uiiich  routn, 
iin|)ul)lislu'd  ob»ervHttuu8.  From  Glof;);uil2  Uw 
Christoph  behind  the  Grilleub«rg  ii])  to  the  itMp 
JolmntiKberji;.  Traces  of  fosiiiU  arc  toon  obierrfd.  wbich  M*  iii 
merous  south  of  the  Gahiisbauer,  a  honae  latdy  bonU  dam. 
there  U  a  Hinall  pliiteau  with  Tery  8t(«p  adaa  tnwanb  liw  1 
througliout  whieli  tito  rock  is  eyeirwhete  obaer*«bl*,  altlwigii 
ovrrf^ronn  with  trees.  The  most  important  oiganic  nrwww  ■ 
foUowiu^ : — 

Gryphaa  Cotumha,  Lam. 

Ottro'a  nrrratn,  Dcfr. 

Uemipnetittrr  raiiiatut,  Aj^ns*.  Only  (kt  flat  nadcr  aidl 
small  friijj;iiientn  uf  the  xidex  are  presertrtl.  Tbe  v**T  distiaet 
nels  niniiing  down  from  the  u|iex  to  the  moatii.  aa  well  H  U»| 
Bjijienriuicf,  seem  to  mHV 

Inorrrainim  ;   in  »niall  . 
rests  upon  the  fibrous  sliiuuiic 

TereLralula  ;  Hoveral  kpeei<"<. 

Hippuriira ;  a  fraK'neut,  ii' 

Ottrtra,   or    GryphiTn ;   fr 
uiinable. 

Toj;»'ther  with  tii        . 
cimens,  occur  uuinbers  ol  Icnticulnr  botiiet>, 
roseinhlauce  to  SummuUlr*,  that  thcv  «'rr  o) 
close  cxnnunntion  in  the  cabinet.     Tlir 

rcg:ular  spirnlly-arrangcd  chamlMTs  of  .'. 

larly  or  nt  ieiwt  not  spirally  ilisjMised,  exactly  a«  in  tlte  Mgfo^ 

the' chalk  tuff  of  St.  Peter's  Mountiiin,  nrar  V ■  ht.    Somt 

ralists,  it  is  true,  have  united  the  .VvatBw'  Lj^rmftd 

Orliitulitf*  I  (irhiloidral\  ;  yet  the  want  ofn  spinu  arran^CflMM 
cells  in  the  two  latter  M-eins  to  afford  a  V>o^  i  * 
found  a  wpanition.    The  Lyniphm  of  GaJinahaner 
an  inch  in  dianieter ;  they  occur  in  the  ruck  in  pi 
abutidonce  as  Summuiites  do,  and  might  thertforv 
beds  of  ihe  vl^  uf  the  chalk  to   be  confounded 
nummulitic  format  ionti. 

The  alwive  fu<isil<i  arc  found  in  t  ndfiab 
which  Oh  being  dissolvol  in  an  acid  kmvca  a 
ijuarttose  sand. 

Thoii((h  wcll-oxhihited  to  great  hcigfata,  no 
be  seen  in  it. 

Opposite  the  Gahniluiuer,  N.E.  of  Pruglitz.  a 
t)ic  Orhitidilr  xoncUtone  shown  itM-lf,  was  examined, 
tlir  rye  could  judge,  it  rose  to  the  some  bcigfat  akovw 

*  [MKh  rriarcl  la  thr  Imp  foraminifcrooa  rtuwcfw  af  Udi 
(VMoarfn,  with  which  poHJliW  ii  it  here  cowlboajai.  aai 
— Wn;  Mc  I>r.  Cirpentcr't  Psper  on  the  SlnMtni*  cf 
sad  OfUlmdrt,  tiurt.  Jouni.  Geol.  Soc.  itiL  n.  p.  21  «< 


itification  cettaa. 
The  detrfBdoatioB  of  tU| 
ut  the  fnetnnd  i 
not  <le(enniiMUe. 
iiiaUe. 
t'  a  faogt 

x^inthtnoM 
which  bear 
.,uU  An 

«•  not  ciU 

«,  bat  olh  j 
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Gahnsbauer,  with  the  same  nnneral  character  and  containing  trag- 
ments  of  Inoceramun. 

A  road  li-ads  from  PruglitJ!  by  a  pass  called  the  Hals,  through 
Breit*nsol  near  Ilcihrbach  to  Buclibcrg.  This  rnad  proved  most  in- 
teresting, not  only  from  the  picturewjue  beanty  of  the  scene,  but  from 
the  iiii])ortant  geological  discoveries  which  were  made  along  it.  Brei- 
tensol  lies  in  a  pleasing  rallej' of  no  great  extent,  formed  of  beds  of  the 
Gosau  formation  and  surrounded  by  high  hills.  Immediately  to  the 
south,  at  a  distance  of  scarce  a  hundred  paces,  a  marly  sandstone  is 
seen  in  several  quarries  containing  abundance  of  Orbitulites,  as  on 
the  decUvity  of  the  Gahnsberg.     With  them  occur — 

Pertunculns,  n.  sji.  Tiiis  species  is  the  same  which  occurs  fre- 
quently in  the  marls  of  the  Gosau  formation  of  Muthmansdorff,  in 
the  district  called  the  New  World  [neue  Welt],  to  the  westward  of 
Neustadt. 

Turritelln,  gp.  1 — ^with  other  Gosau  fossils. 

North  of  Breitensol  the  valley  widens  out,  and  on  its  eastern  side, 
opposite  to  the  Schacherberg,  ver\'  interesting  fossils  arc  found  in 
great  quantities  in  the  loose  stones  which  have  been  collected  for 
building  purposes.  Among  them  are  large  and  beautifid  specimens 
of  a  Gnjpheeti,  probably  identical  with  G.  remcularix. 

Pecten,  n.sp.,  very  like  the  P.  latisgimus  of  the  Leitha  limestone, 
but  distinguishable  by  sharper  and  more  numerous  tubercles  on 
the  ribs.  The  same  species  is  found  in  the  Gosau  formation  N.  of 
Griinbach. 

Pectunculus,  n.  sp.,  same  as  that  before  moticed. 
Inoeefamtts,  large  and  well-preserved  ;  agreeing  with  those  of  the 
Gosau  formation. 

Orhitulitea  have  not  been  found  here,  and  their  absence  seems  to 
be  connected  with  the  change  in  the  mineralogical  condition  of  the 
rock,  which  here  is  not  sandy,  but  resembles  the  common  Gosau 
marls. 

Farther  to  the  north  of  Breitensol,  a  ravine,  which  is  partly  artifi- 
cial, leads  into  the  valley  of  the  stream  which  flows  by  Rohrbach. 
The  rocks,  which  at  a  distance  closely  resemble  the  Alpine  limestone, 
and  form  equally  abrupt  precipices,  prove  under  the  hammer  to  be  a 
coarse  conglovnerate. 

At  Buchberg  a  projecting  headland  of  black  limestone  with  veins 
of  white  calcareous  spar  appears.  This  belongs  to  the  older  Alpine 
limestone,  as  may  be  ascertained  by  examining  the  narrow  ravine 
which  leads  from  Pfennigbach  to  Ratzenberg.  Regular  beds  of  this 
limestone  are  here  overlaid  by  an  eqmil  thickness  of  red  and  green 
shales,  which  contain  the  Myaciles  faitaensis,  and  other  bivalves  of 
the  "  red  shale  of  Werfen."  The  whole  system  of  these  shales  is 
most  distinctly  seen  in  the  bed  of  the  stream  which  flows  through 
Pfenuigbach  ;  its  strike  is  E.  and  W.  with  a  northern  dip.  Farther 
on  in  the  same  ravine  great  masses  of  the  black  limestone  are  seen, 
extending  to  the  plateau  of  Ratzenberg,  which  is  composed  of  the 
coal-bearing  beds  of  the  Gosau  furniation.  North  of  Ratzenberg  this 
plateau  siuks,  and  farther  down  on  the  road  to  Vorau  a  gallery  has 
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been  driven,  on  whose  giJes  the  Mun«  Miwk  limeatooe  ia  Mai^ 
the  red  shales  reposing  on  it,  but  ■  r  frw  fomiit.     Tk( 

Gosau  beds  lie  iminediutely  on  the  .  u-h  are  of  tW  I 

"  hunter  sandstein,"  and  on  the  bliu.'k  tiumtouo  ' 
Farther  on  in  the  dirt?ctiou  of  the  village  of  Gr 
rate  is  first  found,  and  soon  after  the  Uooaii  marls 
which  continue  all  the  wav  to  Gninbach.     Thr  relatiiia 
glomerate  to  the  other  beds  unfortiuiatelv  coukl  not  be  i 

AI)out  a  mile  north  of  Griinbac-h,  twme  xnj  aiuvpC  aaA  f{ 
hills  rise,  of  a  remarkably  brif;ht  yellow  colour.  TbeMe  -  ^ 
calcareous  saudstoue,  in  all  rcspeetjt  niniiUr  to  that  of  the  I 
onlr  somewhat  brighter  coloured.  It  i»  loaditl  witli 
Orhitulitet,  which  at  first  sij;ht  one  ix  dix]H>H-4  tn  take  for  Xaam^ 
Fragments  of  Inocerami,  of  Inrjrf  0*tr<trr  or  Gfypk^te  {o4 
Gryphaa  vfgiruloiia),  of  Hippunli'ii,  with  ne«»t  of  Lfrimlim  m|| 
were  found  in  it,  toother  with  pcbbh-s  of  thr  pry  Alpiar  BlM 
In  these  abrupt  hilla  also,  although  well-«x|KH«J  to  a  gRBt  h 
scarce  any  stratification  cuii  )x^  detected.  Id  onr  tolitmrj  wf 
east  and  west  strike  with  a  norlheni  dip  Rrcms  to  be  ll«MlrOTC,l 
would  orp-ee  with  the  i;euernl  strike  of  tne  Gosau  mark  near  Grv 
If  so,  front  this  position  of  the  Orbitulite  saodaUMea,  wludi  m 
the  highest  positions  and  arc  surrounded  br  thr  OoMa  * 
conclusion  is,  that  the  sandstones  are  the  newer.  SdnflvtHVl 
on  the  declivity  of  the  '  Vordcrwand,"  lie  thick  be«b  i 
pun/en,  mostly  belonginp  to  the  specie*  //.  costulaliu, 
specimens,  with  both  valves  well-prescrvii!   nn-  m.^ 
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with  them  Caprina parodaxa.  Math.  (C 
Lamarrliii,  (ioldf.,  and  a  large  nnde«orihi . .  .; 

South  of  (triinbnch,  on  the  left  of  the  r-  te 

the  doul)tful  con^bmirmte  is  again  met  with  ;  .>i>u  <ii--u,  •( 
hut  mentioned,  tlic  red  ghnii-s  with  Myafifrt  FiumtMrnt, 
tinue  all  the  way   to   Schrnttenbaeh.      Ilrtr    the  Alpinre 
comes  up,  and  composes  the  hill  on  whirb  Srbratli 

The  S'KMie  .Vlpine  limestone  continue^ 
»tein  to  Flatz  on  the  Gi'singln-rg.     In  • 
from  the  heights  opposite  Flatr,  u  ci 
of  the  "  biiiiter  sandstein"  formati' 

Immediulely  north  of  Loreueen,  '  ria 

bills  rise,  which  are  separated  frui  tbe 

by  ail  intervening  valley,  and  are  remarkabfe cvai  at  a 
tiieir  red  colour.  They  consist  of  a  red,  aomrlintea  ( 
stone,  ami  eotitain,  especially  on  their  aouth-wcitnn 
Ix-rs  of  plicateil  Trreltrntultr,  which  have  not  yrt 
Their  general  npjN-aranee  rrmindx  one  of  tbe  7*.  etmrimmm  ot  tkr 
formation.  Fevr  other  fo»sils  (xvur  with  thmi,  but  wr  taar  OM 
a  well-jireserved  valve  of  a  smixith  Prrteit.  On  thr  tup  oi^  tin 
(nation  lies  an  extensive  plateau  of  mck,  from  wliirti  tbr  Ttrvin 
have  entirely  di»«[i|M'arc<l  ;  on  the  weathrrwl 
immbrrs  of  orgnnie  forms  are  sern,  tlutuch  urUaoi  < 
allow  of  deteniiiiiation.     Small  coral.i  are  the 
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one  specimen  a  very  distinct  transverse  section  of  an  Orbihtlites, 
Hence  it  \roiild  follow  that  these  limestones  and  calcareous  sandstones 
belong  to  the  same  Orljitiilite  formation  as  the  rocks  of  the  Gnhns- 
bauer.  What  adds  to  this  probability  is  that  a  fragment  of  a  large 
Ottrtta  or  Giyp/itea  has  been  obtained  from  the  south-east  declivity 
of  these  hills,  0])posite  Loreiuen,  which  well  agrees  with  one  of  the 
species  before  mentioned.  On  these  hills  also  no  distinct  stratification 
can  be  observed. 

Descending  these  liills  by  their  western  declivity,  on  reaching  the 
plain  the  Leitha  conglomerate  is  met  with,  which  continues  all  the 
way  to  Neunkirchen. 

The  same  conglomerate  occurs  on  the  road  from  Neunkirchen  to 
Ragletz  ;  but  as  soon  as  the  declivity  of  the  range  north-west  of  that 
place  is  reached,  the  Orbitulite  sandstone  conies  in,  and  higher  up 
gives  place  to  the  Alpine  limestone.  Still  further  north,  to  the  south- 
west of  Uettniausdortt',  there  were  found  in  Orbitulite  sandstone  well- 
presened  specimens  of  crabs'  claws,  which  exactly  correspond  \vith 
the  claws  of  Caliitiiassa  {Pai/iiriui)  Fimjaiiii  (rom  St.  Peter's  MouiiUiiu 
near  MHCstricht.  Some  specimens  appear  rather  to  resemble  the  V.  an- 
//Vy«n,t)tto,  from  the  extremities  being  somewhat  straighterand  longer, 
but  jnobiibly  are  mere  varieties  of  the  first-named  species.  With  the 
crabs'  claws  occur  fragments  of  Inocerami,  oi Echinoderma,  and  several 
species  of  Terebratnlce. 

The  Orbitulite  sandstone  continues  all  the  way  from  hence  to 
Strelzhof  in  a  north-west  direction,  fringing  tlie  older  mountains,  and 
only  interrupted  by  the  valleys  which  intersect  it.  Betwixt  Willen- 
dorf  ami  Strelzhof  it  becomes  more  niorly  ;  the  Orbit idites  arc  less 
abundant,  and  are  re])luced  by  the  fossils  peculiar  to  Gosau.  Pecten 
striato-conttitus,  Fiingite,  and  entire  Inoceratni  were  found  ui  abun- 
dance, and  the  claws  of  the  Calianasta  were  also  present. 

Finally,  on  the  north-east  side  of  the  Kehnberg,  the  Orbitulite 
sandstones  attain  a  very  considerable  height,  beyond  which  they  were 
not  observed. 

Imperfect  as  the  preceding  observations  arc,  and  leading  as  they 
do  to  the  expectation  that  tiirther  inquiries  in  these  interesting  locah- 
tics  will  bring  to  light  many  new  facts,  still  some  general  conclusions 
may  be  deduueil  from  them  : — 

1.  True  Nunmudites  are  not  met  with  in  the  country  examined 
mixed  with  chalk  fossils  :  they  are  absolutely  wanting  ;  and  all  former 
notices  of  their  occurrence  rest  on  the  circumstance  that  they  have 
been  confounded  with  Orbitulite*  [Orbitoidea  ?],  fossils  of  a  different 
though  similar  strncture. 

2.  The  rocks  containing  the  Orbitulites  [Orbitoidest^  are  closely 
connected  with  tlie  Gosau  beds,  and  in  fact  fonn  their  highest  divi- 
sion ;  their  fossils  prove  them  to  be  on  the  same  parallel  with  the 
chalk  tuff'  of  St.  Peter's  Moimtain  near  Maestricht,  that  is  to  say,  the 
highest  member  of  the  chalk  formation. 

The  so-called  Nuniumlile  beds  of  Neuberg  in  Steicrmark  also  belong 
to  the  same  Orbitulite  formation.  I'he  lenticular  bodies  which  they 
contain  are  Orbitiditea  [Orbitoidet'!],  and  the  rest  of  their  fossils  are 


90 


ceuLoniCAL  mbuoiiui. 


fragnu'iits  of  Lwcerauii,  large  Ottraue,  Sec.,  wbieb, 
the  jtcogra(iliic  pobitiun  of  the  beds,  agree  perkctlj  witk  ' 
the  GahiutbBuer. 

It  has  nut  been  in  the  power  of  the  antbon  to  cuBHir  ttir  J 
mmlitex  so  oHen  ciled  a*  oeetirriug  in  the  Gohui  beda,  Tbr  W 
coUection  does  not  contain  any  speeimetu  ;  but  prrbap*  it  woali 
br  too  hozarJoiui  to  eoigecture,  that  iu  that  nur  >lJo  yimmmt 
haM>  boon  eunfoiniJed  wttii  Orbitulitrit  [Orbitontft  fj,  waA  111 
the  EuKteru  Alps  XummuHle*  are  uot  fuuoJ  in  (be  duuk 

[J. 


Oh  the  Pretencf  of  \LK\LiKa  and  PucmPBOKic  Acio  im  m 
LiMKSTONKB.     By  Ilerr  Fichui!(c. 

[Wurtemb.  naturw,  Jalimh,  u  v.  p,  72  rt  <ef. ;  aad 
Jahrb.  t  Mia.  IMO.  p.  4i».] 

TuK  results  of  the  resenrcheii  made  by  Fakt  ttK*  on  (be 

those  obtained  by  Schramm;  in  all  limwtow** lllkalirt 

present,  combined  either  with  I:  ^  '' for  the  tnoat  part 

carbonic  neid.     Ten  lunestoni  -  and  often  rrtj  ■! 

e%-idenco  of  llie  presence  of  phuspbuiic  ucid  : — Jan^-V 

Uuterkucheu  aiid  from  Ilundenin^-u  ;  Doluntile  froaa 

pentiost  bed  of  the  Friedrichiilhiil  linraatone) ; 

lt<ilir  near  \'aihiu!;en  ;  Jurn-m«rl  from  the  CSeusliiigcr 

the  first  Sponi/ite/i-hc-il)  -,    Keiipcr-limoi.lone  from  th* 

Jmallhei-cla.y  from  Jcsingcu  near  Kirchhriu : 

Khist  from  Obmdeji ;  argillnn-ou^  Ijmtttaae  from  Blubciirca: 

argillaceous  Muschelkalk  from  /uffinihaiucn.     Thai*  waa  no  i 

phorie  acid  reaction  in  the  Dilnvial-limtstoo*  of  Cumtact,  the 

marl  of  Vailiiugen,  and  tlie  Carrara  marble.  (T. 
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Oh  Ike  Idkntitv  i/ Ahicansitk  mmJ  Brook  ith. 
By  C.  Rammbi^sbkro. 

[PogfeuiL  Anaal.  il.  Phy>.  t.  lxx«lL  p.  MC  tl  Mf.;  tail  Lc<m<H(«I  a. 
J*hrb.  t.  Miu.  IHSO,  p.  4U.1 

Dii.  ('.  V.  Shkpaud  some  years  since  gsrc  tha  fnt  aeDotmt  of 
knuaile,  discovered  at  Mapiet  Cove,  Hot  Spring!  Csontt.  Arkaai 
According  to  the  author,  the  crystals  of  the  mineral  examined  \rf 
(juite  ain'ee  rxtcrnallv  with  Dr.  She[M>rd'8  description.  The  apt 
Krarity  t  be  fouud  to  be=3-892.  ^-^riX  3949,  and  m  B  ehc« 
aQal\>i8  the  Arkansitc  behaved  as  pure  titanic  add. 

1'lte  fonn«  of  the  substance  are  the  same  a*  tboae  of  BroekiU 
though  the  jilano*  are  aomewhat  different.  [T.  JL.  J 

■  Silliniin'i  Amerieia  Joumal,  No*  8«r.  *«l.  ii.  p.  249 ;  la^  «iX  W.  j 
t  (Dr.  Kbrpanl  giTai  3-864  ■■  the  ipet.  grsT.— Sa.1 
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On  the  Anthracite  Plants  o/tAe  Alps. 
By  Professor  Oswald  IIeer. 

[Leonhard  und  Dronn'n  Neuea  Jahrbuch  fiir  Mineral,  u.  n.  tv.  ISSO,  pp.  6S7-674; 
Mittlieil.  <ter  Nat.  GeselUch.  in  Zurich,  18S0 ;  ant]  Abatrart,  tJiblioth.  Univ. 
Geneve,  March,  1851.] 

When  Ailolphe  Brongniart,  twenty-two  years  ago,  described  the  an- 
thracitic  ]daiita  of  the  Tarcntaise*,  he  referred  them  to  the  Lias,  on 
the  authority  of  Elie  de  Beaumont,  awd  endeavoured  by  an  ingenious 
hyjiothcsis  to  c.^|)lain  the  remarkable  fact,  that  these  plants  without 
exception  agreed,  not  only  generically  but  specifically,  with  those  of 
the  Coal-measures.  Brongniart  has  since  retracted  this  opinion, 
which  was  completely  refuted  by  Favref;  and  he  now  considers  these 
anthracitic  plants  J  as  belonging  to  the  Carboniferous  flora,  which  is 
the  view  taken  by  linger,  Bunburj',  and  all  the  botanists  who  have 
studied  the  matter.  The  geologists  arc  divided  in  opinion.  E.  de 
Beaumont  and  Sismonda  adliere  to  the  original  view,  which  is,  that 
the  anthracitic  and  beleiruiitic  schists  belong  to  one  foniiatitm,  viz. 
the  Lias  ;  and  Murchison  has  lately  adopted  this  view§  ;  so  that  it 
is  supported  by  the  highest  authorities. 

On  the  other  hand,  FavTe  has  pointed  o«t||  that  the  Anthracite  of 
La  Mure  in  the  Isere  Department  underlies  the  Lias,  which  is  the 
reverse  of  the  case  in  the  Tarentaise,  where  the  beds,  he  asserts,  have 
acquired  their  present  position  by  folding.  This  also  is  the  opinion 
of  A.  Escher  von  der  Linth.  These  geologists  beUeve  that  au  in- 
version of  the  strata  has  taken  place  in  Petit-Coeur,  so  as  to  bring 
the  bed  with  Beleninites  under  the  plant-beds.  The  point  is  of  great 
interest ;  since  not  only  the  question,  whether  the  entire  Carboniferous 
system  is  wanting  in  the  Alps,  depends  upon  it ;  but  also  whether 
the  results  arising  from  the  study  of  the  fossil  flora  entitle  us  to  come 
to  conclusions  as  to  the  history  of  the  development  of  the  vegetable 
creation**.    For  we  cannot  conceal  from  ourselves,  that  if  the  anthra- 

*  Annal.  des  Sciences  Nat.  1828,  p.  113. 

t  Sur  les  Anthracites  dc»  Aiiics,  tAim.  Soc.  Phys.  Geneve,  torn.  ii.  p.  418. 

t  Comp.  Annal.  des  Scien.  Nat.  1849.  p.  298. 

\  On  the  Structure  of  the  Alps,  Apennines,  and  Carpathians,  Quart.  Joum. 
Geol.  Soc.  1S4B,  vol.  v.  pp.  175  et  tq.  [See  Sir  R.  I.  Murchison'ii  further  obiem- 
tions  on  the  Hetit-Cojiir  Section,  Ibid.  vol.  vi.  p.  382,  note. — Ed.] 

II  Loc.  eit.  p.  423. 

•*  [See  Anniv.  Address,  tupm  (No.  26),  pp.  xUii  tt  $eq. — Ed.] 
VOL.   VII. PART  II.  I 
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citic  plants  are  to  be  united  to  the  Liaaaic  Hon,  we  auitll 
some  of  the  most  important  results  hitherto  obtaioML  Evirjr 
bution  which  niay  aid  in  clearing  up  these  relations  ia  of  *akM< 
induces  me  to  offer  a  list  of  the  s|>ecimens,  collected  b_T  Htm 
von  der  Liuth  and  Professor  Merian  in  the  Valaia  anil  in  f 
taise,  and  preserved  in  the  Museums  of  Zurich  and 
have  lately  re-examined  and  compared  with  ~ 
first  a  few  general  observations  to  offer. 

The  question  to  be  considered  is  this : — Do  the  belt 
plant-beds  belong  to  the  same  formatiou  or  not  f  If  Uw  fti 
true,  the  question  arises, — Is  that  formation  to  be  mtuhtl  i 
from  its  plants,  or  as  Lias  from  its  Belenuiites  ?  BraooiBn 
bury,  and  Chamouset  declare  themselves  of  the  first  u|Muiaii| 
that  the  Uelemnites  are  not  specifically  distinguishable,  and  tl 
by  no  means  proved  that  the  ui>doubted  Lias  beds  uuMtwuiay< 
nites  belong  to  the  Delemnitiferous  series.  E.  de  BcaoMl 
mouda,  and  ^lurchison  take  the  latter  view,  viuce  B«leinaitt 
never  been  foiuid  below  the  Lias,  and  because  they  think  tlw 
are  itiseparable  from  the  ammouitie  strata.  Theae  geolKHM 
their  main  argument  on  the  ]>osition  of  the  beda  at  ntil 
Here  the  dark  calcareous  flags  with  the  BelenmitM  : 
schists,  and  are  in  their  turn  covered  by  the  sehiaU  i 
plants.  The  belemuitie  and  anthracitic  b«df, 
form  parts  of  the  same  group,  the  upper  and  loirer  i 
identical  in  composition  ;  and  the  talcose  ichista  and  tiw  ■■ 
being  repeated.  But  this  does  not  u>em  to  me  concfaianr*.  1 
parts  of  the  Alps,  as  in  the  Valais  and  the  Col  de  Bihar,  dh 
reous  and  the  plant-bearing  strata  are  seen  to  b«  arpiratflb  til 
lying  immediately  on  crystalline  rocks :  and  even  at  IMitX^ 
belemnite-  and  plant-beds  cannot  possibly  belong  to  oa»  ti 
Belenmites  are  acknowledged  to  have  been  marine  aoiaMl^  <■ 
must  have  been  deposited  on  a  sea-bottom.  Bnt  nritfarr  io  I 
rcntaise,  in  Savoy,  in  the  Valais,  nor  in  Styria,  do  dM  plMI>J 
schists  contain  the  slightest  trace  of  marine  animala  or  BBii 
tationf.  The  plants  arc  all  Inml-plnnts,  and  ctidaai|aaal^a 
time  of  their  deposition,  dry  land  must  hart  been  n  ikt  i| 
So  perfect  is  the  state  of  their  prrsenation, — the  maat  4dkall 
being  still  connected  together,  tlie  tender  Annulitrug  tuA  Jktm 
lite*  still  with  their  ])erfe<-t  whorls  of  leave!*  united  to  thdr 
■talks,  the  margins  of  the  leaves  seldom  torn  or  da  magi  d.  { 
leaves  so  accurately  spread  out  on  the  rock  as  if  thcj  wc*« 
on  it, — (hat  it  is  incredible  tlmt  they  can  have  been  ( 
They  must  therefore  have  grown  in  the  nei^hhou'hood. 
pose  that  they  grew  on  the  margin  of  a  sea  in  which  T  ' 


•  Loe.  eit.  p.  1 76. 

t  The  JmuJttrUt  anil  AttmphyUilft  iloa*  Me  looksd  Ca  b)  i 
think  incurrectly)  u  aquatic  pUutt ;  itill  not  u  an  ' 
etpeeially  the  Jnnu/aru /rrltlu,  occur  abiisdaaUy  with  and  lodw  Ula  tai 
prob*l>I]t  livrtl  in  company  with  them  ander  the  tlndow  af  tal  W^  I 
J.il>trulm  of  the  prrtcDl  lime,  to  whicb  IhftJ  b«ar  gmt  I 
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and  were  washed  into  it.  II"  so,  tliey  ought  to  be  found  mixed  with 
marine  remains,  which  is  not  tlie  case :  no  Belemnitc  or  other 
marine  animal  has  ever  been  found  in  any  of  the  plant-beds,  and 
vice  vert/i:  moreover,  At  Petit-C'oeur  a  mass  of  sandstones  containing 
no  organic  remains  occurs  between  the  two  deposits.  The  probability 
is  that  the  anthracitic  plants  were  not  deposited  in  salt  water,  since 
in  that  case  Fiicoitls  ought  to  be  mixed  with  them  ;  as  happens  at 
Radoboj,  where  insects  and  l!uu!-])laiits  are  mixed  with  wiarine  re- 
mains, and  at  the  Col  de  Madelaine,  where  Escher  found  fucoidal 
plants  in  the  belemnitic  schist.  Since  then  the  bclemtiite-bed  con- 
tains both  murine  animals  and  marine  plants,  while  the  anthracite- 
bed  has  no  trace  of  either,  I  am  entitled  to  uifer  that  the  latter  was 
accumulated  in  fresh  water;  which  sufficiently  explains  the  absence 
of  Carboniferous  forms  of  animals  ;  since  botii  the  Molliitca  and  the 
characteristic  Trilobiteit  of  that  period  were  marine.  Their  absence 
is  no  objection  to  the  referring  the  autliracitic  plants  to  the  Coal  flora, 
but  merely  proves  that  the  plant-beds  are  a  totally  diflferent  group  from 
the  bclemnite-beds.  If  the  one  be  a  marine  and  the  other  a  fresh- 
water formation,  a  great  '  hiatus '  must  occur  between  the  two :  At 
all  events,  it  is  clear  from  the  complete  ditference  of  their  organic 
contents  that  they  caunot  be  considered  as  one  formation  ;  for  organic 
characiers,  when  so  distinctly  marked  as  in  this  case,  are  of  far 
greater  weight  than  petrographic  characters.  I  am  therefore  of  opi- 
nion, that  nt  Pctit-Cu'ur  an  inversion  of  the  strata  has  taken  ]dace, 
which  has  throwii  the  belemnitic  under  the  anthracitic  beds.  And 
if  at  Pi"tit-Cu?ur,  where  the  relations  of  the  strata  are  most  compli- 
cated, the  circumstance  of  the  sharp  distinction  between  the  organic 
contents  of  the  two  proves  that  they  camiot  be  contemporaneous ; 
still  more  evident  is  this  in  other  parts  of  the  Al]»ine  chain,  as  in 
Provence,  in  the  Vatais,  and  in  the  Austrian  Alps,  where  the  anthra- 
citic beds  are  seen  to  repose  immediately  on  crystalline  schists. 

When  we  compare  these  plants  wnth  those  of  other  formations,  we 
readily  find  that  they  agree  with  those  of  the  Carboniferous  flora. 
The  Ibllowing  list  shows  tliat  our  collections  contain  twenty-eight 
species,  tweh  e  of  which  have  not  yet  been  found  in  any  other  locality. 
If  to  these  we  add  the  species  described  by  Brongniart  and  Bunbury  •, 
we  have  in  all  forty-eight  species.  Of  these,  five  seem  never  to  have 
been  found  elsewhere,  and  to  be  peculiar  to  the  anthracitic  schists : 
viz.  I'eaipfenj  Beaitmoniiiy,  Brong.,  I'.  puMtra,  Ileer,  Neuropteri» 
Soretii,  Brong.,  N.  Escheri,  lleer.  and  LfpiJophyltum  caricinum, 
Heer.  About  six  species  are  doubtful,  yet  so  closely  resembling 
coal-plants,  that  they  probably  will  be  found  to  agree,  when  better 
specimens  shall  have  been  procured.  Thirty-seven  are  identical  with 
coal-plants,  and  aot  a  single  one  agrees  with  any  Triassic  or  Liassic 
plant. 

If  we  compare  these  plants  with  those  of  the  different  divisions  of 
the  Coal -formation,  we  find  that  the  greater  part  agree  with  those  of 

•  [Quart.  Journ.  Geol.  Soe.  1849,  vol.  v.  pp.  138  el  wy.— Ed.] 
t  [See  observitioni  on  the  apparent  alliance  of  P.  Ufaummlii  with  P.  Whil- 
iietuia,  mpra.  Part  I.  p.  19  J. — Ed.] 
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the  oldest  beds.  Catamites  caniKeformit.  Schl..  Mid  .Vn 
Loihii,  Br.,  even  appear  in  the  Traiisitioa  strata  ;  tmA  l\ 
Schlotheimi,  St.  sp.,  one  of  the  most  abundant  specie*  in  %hm  \ 
citic  schists,  together  with  Neuropterit  tenm/olia,  Schl.  «p.,  or 
closely  resembling  these  two,  according  to  Banbury  mmI  Sliafpi^ 
even  found  in  the  Silurian  formation  of  Oporto*.  Sti\fmmtim,  I4 
dodendra,  and  the  Oduntopterit  Brardii,  Br.,  abound  priaapafl] 
the  lower  Ciml-beds,  and  also  occur  in  the  anthraritic  achkU. 

Thb  anthracitic  formation  is  widely  extended  :  we  find  it  aotaa^ 
the  South  of  France,  in  SaToy,  and  in  the  Volais  ;  but  Eacher  hasi 
detected  it  in  Engelberg  and  at  Todi,  in  Canton  Olaraa  ;  nad  k  I 
probably  be  traced  to  the  Austrian  Alps.  Lotig  ago  it  «M  ftMsd 
the  borders  of  Styria,  Salzburg,  and  Carinthia,  between  QMflljy 
Turrach  ;  and  lately  M.  von  Morlot  has  discovered  it  m  0^1 
Tlie  researches  of  Unger  (upon  an  ancient  plant-bed  on  th*^H 
Alp  ill  Styria,  1813)  proTe  incontestably,  lliat  the  •athmcitrT' 
Austrian  Alps  is  contenij>oraneous  with  ours.  There  alto  tke  dl 
plant-bearing  schists  repose  on  talc-slate  aiul  gneiss,  and  eoBlMi 
merous  land-jilants,  without  the  slightest  trace  of  marine  waiamA 
vegetation.  Of  the  forty-four  species  which  Infjer  haa  dMofl 
from  thence,  thirteen  are  identictd  with  species  in  our  anthtna 
beds :  of  the  remaining  thirtv-one,  twenty-ei«ht  are  tmc  Cafbw 
roug  plants  ;  and  as  twelve  o\  the  thirteen  wbich  are  identical  % 
ours  are  also  known  Carboniferous  plants,  there  are  in  all  ftl 
true  coal-plants  in  the  Styrian  anthracites.  Amonij  thrae  we  b 
five  Calamites,  S/igmaria  fcoides,  St.  sj>.,  Anntdaha  /rrHlit,  i 
thirteen  species  of  Siij'dlaria,  and  four  of  Lrpidodtmiram,  witk 
exception  of  Sit/illaria  parallelii,  Vap.  (which  seems  pccnfiar  tn 
locality) ;  all  are  species  found  in  the  Coal  of  Europe  and  pwthr  I 
of  North  America,  and  are  looked  on  as  forms  dtaractrristje  m  % 
formation. 

Thus  wc  have  in  the  anthracites  of  Strria  and  the  EastetB  J 
seventy-nine  species  in  all,  of  which  only  eight  are  (leculiar  lo  it,  i 
about  seven  arc  doubtful ;  while  sixty-four  dintinrtly  a((Tee  with  I 
Cual-plnnts.  This  agreement  holds  not  mily  when  we  eamifmM 
united  flora  of  the  anthracites  with  Coal,  but  also  when  tliat  at 
separate  localities  is  compared  with  the  (^arbouiferooa  Sois:  tl 
for  instance,  the  majority  of  tlie  plant*  found  at  PHit-Cmv  ngiN 
the  one  liand  with  those  of  the  other  localities,  and  on  tha  ntKari 
those  of  the  Coal.  This  I  consider  to  be  of  importaner.  wmai 
might  otherwise  be  supposed,  that  the  enigmatical  saprapaMtiai 
the  plant-beds  at  Petit-Ca^ur  upon  the  Lias  might  be  rtidnhMJ 
considering  those  anthracitic  beds  to  have  been  errancoualjr  rtit 
to  the  same  formation  as  the  others. 

When  we  coni]iarr  this  flora  with  that  of  the  Liaa,  we  petceii 
total  difference.  Already  in  the  Permian  system  new  sneritn  i 
difittnet  genera  occur  which  are  wanting  in  the  Coal :  sUl  tam 
this  the  case  in  the  Trias.  Not  only  are  the  spectes  all  i 
all  thoae  forms  which  luid  played  the  most  important  («urt  in 
*  [Qusft.  Joum.  Geol.  Soe.  vol  v.  p.  147. 1 
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formation  Imve  disappeared.  We  see  no  more  Siffillariee,  no  Lomato- 
pki/tfecey  Stit/inariee,  Jiinttlarief,  and  Atterophyllitet ;  the  Lepido- 
dendra  are  gone,  and  in  their  place  the  Equiseta  by  their  abundance 
and  gigantic  siie  form  an  iinpurtant  feature  in  the  flora,  and  together 
with  Ci/cadea:  and  Coniferee  constitute  its  principal  characteristics. 

To  this  Triassic  group  follows  that  of  the  Lias,  whose  flora  in 
many  respects  reminds  ua  of  that  of  the  Trias,  and  especiallv  of 
the  Keuper,  but  which  is  wholly  distinct  from  that  of  the  Coal. 
lU'ckoniug  the  plants  lately  discovered  by  Fr.  Brann  at  Culmbach, 
near  Baireutb,  the  Liassic  species  at  present  knovni  amount  to  145. 
All  these,  without  exception,  are  wholly  different  from  any  of  the 
Coal-period,  and  but  very  few  are  identical  with  species  from  tlie 
Keu])er.  Not  the  species  only,  but  the  greater  part  of  the  genera, 
nay  whole  families  of  the  Coal-pcrioJ  had  ceased  to  exist ;  such  as 
Siyillaria,  Stigmaria,  and  Atterophyltiteg.  The  Ferns  and  Equiseta 
no  more  compose  the  forests ;  the  former,  though  still  abiuidant, 
appear  under  peculiar  forms  with  digitated  leaves  and  reticulated 
venation  {Sayenopleris^  Camptopterii,  Thaumatopterii,  Laccopteris, 
Ciathropteris).  As  forest-trees,  peculiar  coniferous  plants,  such  as 
Araucaria,  Brachypkyltum,  and  Paliisya,  with  numerous  Cycadea, 
appear  for  the  first  time. 

Such  was  the  flora  of  the  Liassic  period  in  the  North  of  Germany : 
but  if  the  view  of  Elic  dc  Beaumont  be  correct,  at  that  same  time  in 
our  vicinity  there  existed  a  flora  which  not  oidy  was  totally  dislinel 
from  it,  hut  which  exactly  agreed  with  the  incomparably  older  flora 
of  the  Coal ;  and  that  not  merely  in  families  and  in  genera,  but  even 
in  respect  to  species.  We  are  to  suppose  that  a  member  of  the  Coal- 
flora  had  continued  to  exist  down  to  the  Liassic  period  in  a  broad 
strip  of  land  from  the  Isere  Department  in  France  all  the  way  to 
Cariuthia ;  or  rather,  since  the  earth  had  undergone  so  nvany  revolu- 
tions in  the  interval,  we  must  suppose  it  recreated  ;  while  during  the 
deposition  of  the  Keuper  at  a  much  earlier  jieriod  at  the  distance  of 
but  few  miles  from  this  strip  of  land  a  totally  distinct  vegetation 
flourished  in  the  Canton  of  Basle,  and  during  the  formation  of  the 
"Bunter  Saudstein"  a  flora  prevailed  in  Alsace  which  also  was  com- 
pletely distinct  from  that  of  the  Cool.  According  to  the  hypothesis, 
we  first  have  the  Coal-flora,  followed  by  that  of  the  "  Bunter  Sond- 
stein"  and  of  the  Keuper;  to  tlus  last  succeeds  that  of  the  Lias, 
which,  in  all  the  anthracitic  districts,  presents  us  with  Carboniferous 
plants,  while  in  every  other  locality  it  has  characters  perfectly  distinct 
from  the  Coal  and  allied  to  the  Keu{)er.  To  this  Liiis-flora,  com- 
posed of  two  such  heterogeneous  elements,  that  of  the  Oolite  succeeds, 
which  again  is  intimately  connected  with  the  true  Liassic  flora,  and 
which,  even  in  the  Department  of  the  Isfire  near  the  anthracitic  di- 
stricts (as  Scipion  Gras  has  shown),  possesses  the  true  distinctive  cha- 
racters of  an  Oolitic  flora,  and  nothuig  of  a  Carboniferous  one  !  Nay 
more — I  have  discovered  m  the  lower  Lias  of  the  Canton  of  Aargau, 
near  MiUlingen,  the  stem  of  a  Cycos,  associated  with  Insects ;  which 
proves  that  in  our  Lias  also  Cycadete  ]vlaycd  a  part,  whilst  in  the 
anthrnciti's  not  the  slightest  trace  of  such  a  form  has  been  found. 
If  thi;  views  of  that  geologist  were  just,  a  member  of  the  peculiar 
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Coal-flora  has  been  introduced  into  the  distinct  floras  of  the  Tria 
of  the  Lias,  and  that  only  in  one  spot,  while  all  the  laail  in  tlir  ■ 
bourhood  had  a  Tegetation  which  exhibits  so  utrikinrir  tJie  cM 
tion  in  the  development  of  the  regetable  rreatiun.  Tnk  hjrpal 
so  contradicts  all  our  exj)erience  of  the  histur)'  uf  tta  i' 
that  it  cannot  longer  be  su])ported ;  and  the  iiiore»  l 
that  tlie  Cont-tlora  as  far  as  it  in  known  bad  the  tan 
the  whole  surfiiee  of  the  earth,  and  at  ita  uiMt  distant  put*  tbt 
species  were  partly  identieid.  Of  the  Lia»  it  is  tuX  Trt  b 
whether  its  plants  iiad  so  wide  a  distribution ;  bat  wc  dit  nMW 
we  owe  this  important  fact  to  Sir  U.  I.  Murcbiloo)  tltfX  is  I 
later  times,  in  the  Nuinniulitic  Formation,  a  $;rrst  aimilftntjd 
molluscous  fauna  obtained  throughout  Europe  all  the  mj  to  1 
and  that  the  same  characters  ifiay  be  traced  from  Snaia  a«l  Mo) 
to  the  Bralimaputra  in  India,  and  from  tlic  nortAciv  ilapr  « 
Alps  to  Egypt. 

It  has  of  late  been  occasionally  asserted  tliat  plant*  do  not  pn 
discriminatiuff  ffeopiostic  characters,  so  tliat  we  arc  furtkcr  ealM  I 
to  assume  that  they  were  snbji-ct  to  a  taw  of  drTclopilMafl  diAM 
tliat  of  animals,  but  before  admitting  that  diffefcot  Imn  solMMta 
the  two  nntnrnl  kinpidoms,  better  gronnd.t  milst  br  afMilwJ  Una 
been  hitherto  brought  forward.  Sir  IL  Murcbiaoa  inatiMCBi 
Calamitm  arenacrim,  ax  a  proof  that,  iu  dctcmiiiung  ibe  tff 
deposit,  tlip  jireseiice  of  certain  plants  i*  not  ao  eendune  M  tk 
animal!)  *  :  but  here  there  is  an  oversight ;  for  Broagniwt,  «l 
quoted,  never  siieuks  of  tluit  plant  as  occurring  fal  the  dd  CM 
matlon,  but  oidy  iu  the  Trias.  Moreover,  it  muat  DOtbt  Ofcdai 
that  ideutificHliuns  founded  only  ou  parta  of  the  Itm  m  Mit  W  I 
factory  as  those  detlueed  from  foliage  :  coniB>pmitly  Cmiummlm 
Equitetaf,  which  are  principally  kuowu  from  inaU  pattaof  tW  1 
are  lea*  jiroper  for  certainty  ol'  comiMriam  and  ibr  diwriag  an 
■ioni.  But  this  arises  from  the  state  of  preacrration  ottbetm  pi 
and  in  nowise  from  peculiar  species  not  being  ractricttd  to  daH 
nate  periods.  Whenever  the  charactaatiatic  orgus  vt  plaofea  Mt 
preserved,  they  are  as  (^ood  iiwlicationa  of  tht  ace  of  tba  bada  ■ 
mals ; — a  truth  which  is  more  and  mora  tataMwaad,  the  Boa*  p 
arc  studied  and  made  known  to  lu.  ThacopdBMOna>bo*a>iM»^ 
we  draw  from  tliein  will  have  the  more  wrigbt  when  thrjraavdc^ 
not  from  one  or  two  isolatiil  species  aUmt  whose  idruttieafliaa  it 
may  l>e  entertained,  but  from  the  union  ttf  seveial  spMaca  aad 
aspect  of  the  entire  tlorn,  as  is  the  case  with  the  flora  of 
thracitic  schists. 


When  Sir  Hcury  De  hi  Beche^  undo'valaaa  the 


t  fSee  obienritkiii* 
pp.  1S9.  190.— Ed.] 
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logical  results  founded  on  fossil  plants,  seeiug  that  they  may  have 
grown  at  very  different  levels  above  the  sea  and  may  have  been  car- 
ried from  a  great  distance  by  rivers  or  sea-curreuts,  he  does  not  re- 
flect that  the  same  is  true  of  animals  | ;  and  also  that  the  mode  of 
preser^'ation  and  other  circumstances  will  show  whether  or  not  the 
plauts  have  travelled  from  a  distance.  When,  as  in  the  London 
Clay,  wc  find  only  single  specimens  of  friuts,  we  have  good  reasons 
for  snrmiaing  that  they  have  come  from  a  distance  ;  but  when  the 
delicate  parts  of  [ilants  are  well  preserved,  the  leaves  uninjured  and 
still  adhering  to  the  stems,  and  spread  out  upon  the  rock  as  those  in 
the  antliracitic  schists  are,  we  cannot  believe  that  they  have  been 
transportcil  tar,  and  thii  is  rendered  still  more  improbable  when  they 
occur  in  great  tjuantities  and  over  a  wide  district. 


Liit  of  Anthracitic  Plants  in  the  Zurich  and  Basle  Museums, 

[The  species  marked  thus  (*)  have  not  previously  been  observed 
in  the  Anthracitic  schists  ;  those  markoil  (f)  have  not  yet  been  found 
in  Coal-measures ;  those  without  a  mark  are  true  Coal-plants.  Those 
described  by  Unger  from  the  Anthracitic  schists  of  the  Austrian 
Alps  are  marked  (Aus.).] 

(*)1.  Sphenopteris  TBI  DACTYLITES,  Brongu.  Hist.  PI.  F088. 
pi.  50  (T). 

tPetit-Coeur  ;  Col  de  Balmc. 
The  specimens  are  not  perfect  enough  for  accurate  identification, 
but  by  the  form  of  the  leaves  seem  to  belong  to  this  species.  The 
pinnee  are  in  pairs  ;  the  pinnules  standing  apart,  and  almost  at  right 
angles  to  the  long  leaf-.stalks.  The  latter  are  rather  smaller  than 
those  figured  by  Brongiiiart,  but  of  the  same  appearance :  they  are 
also  pinnate,  the  lower  leaflets  dividing  into  three,  while  the  upper 
have  their  edges  entire. 

{*)2.  Necropteris  Losuii,  Brongn.,  pi,  73. 
ErbignoQ,  in  the  Valais. 

3.  Neuropteris  gigantea,  Stemb. 

Petit-Cffiur  ;  Erbiguon  ;  the  most  abundant  species  there. 

The  venation  is  well  preserved  in  many  specimens.  The  midrib 
ceases  in  the  middle  of  the  leaflet ;  the  side-ribs  run  in  slightly  curved 
lines  to  the  rim,  and  bifurcate. 

J  So  also  the  ilrifl-wood,  washed  ashore  in  Iceland,  Jkc,  and  often  quite 
covered  «ilh  Bivalves,  SerpiUiE,  and  other  marine  animals,  has  frequently  travelled 
from  »  great  distance.  Wilh  seaweed  also  great  quantities  of  salt-water  animab 
arc  transported  from  disunt  regions.  But  altogether  the  contrar)-  obtains  with 
land-aniinaU  and  land-plants,  which  in  the  water  fall  lo  the  bottom  and  perish  ; 
the  drift-wood  shows  no  longer  any  flowers  and  leaves,  for  all  these  softer  parts 
of  the  ptanl  have  disappeared,  and  the  stronger  woody  part  only  remains. 
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4.  Neurofteris  TENuiroLiA.  Sch).  ap. 
Erbignon ;  Col  de  Balme ;  Petit-Coeur. 

5.  Neuropteris  flexcosa,  Stemb.;  Bremgn.,  pi.  66. 

Moutiers. 

Together  with  the  long  slender  leaflets  of  the  iV.j 
bedded  two  larger  and  broader  leaflets,  which  rlomy 
N.  rotundifolia,  Brong.     But,  according  to  Bunbarr,  X. , 
presents  a  variety  with  broad  leaflets,  from  the  uithTacite 
tigny-     Probably  the  N.  rotundifolia  which  Bruugiiiart  §a 
Col  de  Balme  and  La  Roche  Macot  belongs  to  tlu?  nunr  i  _ 
fiexuota  has  a  very  wide  range  in  the  Cool-measure* ;  aad  ia  A| 
in  North  America,  and  especially  in  Pennnylraaia, 
than  with  us. 


(*)6.  Neuropteris  HETEROPaTLL.»,  Stereb 

Erbignon,  on  the  same  slabs  with  iV.  gigmtea. 


(*)(f)7.  Neuropteris  Escbrri,  Ileer. 

Pronilc  pinnU  inferioribus  (')  pinnatis,  pinnulisobhiagu; 
nalis,  pinnulU  ovatis  obtusu  piDiuti-|>utitu  y-6  look  rrtniliHs' 
ralibus  vix  niajori. 

Petit-Cocur,  on  the  same  slabs  with  Peeoptent  puIeArm,  . 
breri/olia,  and  Atterophifllitet. 

On  the  stone  there  are  three  piniue,  which  I  brlirrr  btloag  to 
another,  although  one  m  the  form  of  its  leaflets  difltn  gtrntoj  f 
both  the  others.  Proliably  the  one  was  attached  liighfT  np  tW  fn 
and  the  other  two  held  a  lower  position.  If  this  tir  Um  tSMV 
species  verj'  closely  approaches  X.  hetrrnpkglla,  whcrv  w»  fad  I 
these  fonns  of  leaflets  on  one  piinia.  Ilowrrrr,  it  diCcfS  fnm  1 
the  pinnules  being  rather  smaller  and  slenderer,  and  in  Um  piM 
at  the  point  not  being  larger  than  those  at  the  sidrs.  Par  nw  M 
reasons  our  species  cannot  be  united  to  .V.  Snrrtii,  in  wbidi,  a^ 
over,  the  pinnules  are  rather  diflfercntly  formed.  The  fiam 
which  I  conc-cive  to  be  the  lower  ones  on  the  |iiniia  arr  long  j 
pinnules  towards  the  {mint  of  the  pinna  become  graduaUr  sanl 
and  the  extreme  pinnule  is  very  small,  and  tndisuncthr  Uwed  at 
base :  these  pinnules  stajid  pretty  far  apart,  ao  tbat  umx  HfaN 
not  touch ;  they  are  longish,and  obtusely  rounded  anteriorly  aaMli^ 
base.  The  i  eiution  is  verv  indistinct,  but  cau  be  made  oot  in  • 
of  the  leafleU.  The  midnb  is  very  stout,  but  loaca  itarif  oatna 
from  it  proceed  fine  side-veins  iu  a  somewhat  obKqae  ^ircriou.  a| 
bifurcate. 

The  other  piima,  which  I  believe  to  have  be«n  hi^Mr  op  tha  tm 
has  a  sonifwliat  curved  leal-stalk  with  altcroatiiig 
are  pinnate,  the  luwcr  with  live,  the  up|XT  with  thrrr  1 
very  obtusely  rounded,  the  outer  one  being  scarcely 
mt.     The  end  of  the  pinna  is  not  prescned. 
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Near  this  there  occurs  a  pinna  with  seTen  pinnules,  wliich  probably 
belongs  to  the  aame  plant.  Thus  the  pinna  may  have  had  seven 
pinnules  at  t!ie  ba.se,  live  in  tlie  middle,  and  three  at  the  extremity. 

This  beautiful  |)laiit  has  been  named  by  mc  atler  M.  A.  Escher, 
who  brought  it  from  Petit-Coeur. 

{t)8.  Neuropteris  Sorktii,  Urongn. 
Erbiguon  ;  Petit-Cceur. 

(t)(Aus.)  9.  Neuropteris  alpina,  Stemb. 

Erbignon  ;  Petit-Cocur  ;  Col  de  Balme. 

This  species,  first  found  at  the  Staiig-.\lp  in  Styria,  appears  fre- 
quently in  the  anthracitic  schists,  and  has  a  wide  range  among  them. 
It  is  esficciallv  remarkable  fron)  having  the  bases  of  the  |>iunule3 
connected  for  their  whole  breadth  with  the  leaf-stalk  [adnalej. 

10.  Odontopterib  Bkardii,  Brongn. 

Col  de  Balme  ;  Petit-Coaur. 

One  of  the  most  abundant  plants  in  the  Anthracite  :  but,  as  Mr. 
Buiibury  has  also  observed  X<  it  is  rare  to  find  specimens  with  such 
sliarp-pointed  leaves  as  in  Brongniart's  figure  (pi.  76). 

II.  Odontoiteris  obtvsa,  Presl,  sp.;  Brongn.  pi.  78.  f.  3,  4. 

Petit-Ctcnr. 

Between  this  and  the  0.  Brardii  there  are  iiitemiediate  forms, 
which  make  it  probable  that  the  first  is  a  variety  of  the  other.  In 
one  specimen  the  leaflets  are  not  symmetricid,  as  Binibnry  has  noticcil, 
being  longer,  slenderer,  and  more  pointed  on  one  side  of  the  pinna 
than  on  the  other. 

(*)12.  Odontopteris  minor,  Brongn. 

Col  de  Balme. 

The  Museum  at  Basle  possesses  a  large  and  beautiful  frond  of  this 
plant :  it  is  1 02'"  long :  the  main  stem  is  stout  and  of  uniform  thick- 
ness ;  so  that  the  leaf  must  have  been  still  longer.  The  [linnn;  stand 
wide  apart  and  at  very  different  distances;  tliey  nre  about  S!)'"  long, 
and  fiiniished  with  lanceolate  leaflets  about  3'"  tcntg,  which  do  not 
touch  one  another.  Near  this  large  frond  lie  some  separote  piuuw, 
and  another  fragment  of  a  frond  near  the  extremity  where  the  pimiw 
arc  closer  together. 

(*)13.  Cyclopteris  reniformis,  Brongn. 

Erbignon. 

A  specimen  in  the  Basle  Museum  agrees  well  with  this  true  Coat- 
jilant.  The  leaf  is  large,  renifomi,  hollowed  out  at  the  base  ;  not 
entirely  preserved.     The  ribs  at  the  base  arc  strong,  and  bifurcate. 

I  Quart.  Joum.  Geo!.  Soc.  1649,  vol.  t.  p.  138. 
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Var.  b.  Much  smaller. 

Petit-Coeur. 

Several  leaves  of  the  same  size  are  aasociatetl  on  thm 
with  Otlonfopterig  obtuta  and  Cyathritet  Srhtoli 
of  the  size  of  C.  BoAnchii,  Gbp.,  and  tliercfon?  m 
that  of  C.  reni/brmia  :  its  length  aiiJ  bri-ndth  are  r«(]> 
It  agrees  with  it,  however,  in  shape  and  veiiatiun, 
the  present  considered  it  as  a  variety.      PoMtibl^r  brttcr 
may  prove  it  to  be  a  distinct  species ;  or  ebie  that 
belonged  to  the  outer  and  the  larger  to  the  lower 
plant.     The  leaf  is  broad  at  the  base,  and  moderai 
renilbrm  :  its  rim,  as  far  as  it  is  preBerve<I,  ia  entiiv  : 
fan-shaped,  thick  at  the  base,  modcrntely  curved  ami 
coming  remarkably  slenderer  after  the  bifurcation.      It 
C.  liokgehii  in  the  rounding  at  the  base,  and  in  tlw 
close  and  being  thickened  at  the  baae. 

14.  CvATHEiTEsScHLOTnEiMii,  8t.  sp.  (Peeopitru CfatJktm, 

Col  dc  Balmc  ;   Petit-Cwur. 

From  the  first  locality  we  possess  a  very  boiutifnl  Ihmd 
leaf-«talk  is  moderately  stout ;  the  pinnic  very  long  and  rWyn 
have  a  great  number  of  pinnules  which  only  touch  at  Um  W 
do  not  overlie  each  other.  This  species  is  not  unfrrqovaC  ia 
thracite,  and  is  one  of  the  most  widely  dimribntcd  of  tbv  1 
the  Coal-measures  in  Germany,  France,  and  North  Aa 


(AUS.)  15.   CvATHeiTCh  ARBORKSCKNa,  Biong|B.  I 

Col  de  Balme  ;    Petit-Cceur ;  La  Mure ;    M<mUgm> 
Carienne  (Dauphine). 

This  8|M'cies  is  even  more  abimdont  than  the 
also  been  found  in  Styria.  M'e  possess  M-Ti-m!  rlc^nt ! 
exactly  agree  with  Coid-ineasurc  plants.  Bunburr  c 
species  and  the  preceding  to  be  the  same,  but  I  think 
smce  in  this  species  the  pinnie  are  slenderer,  the  le«4rta  1 
shorter  and  blunter,  and  hence  the  edges  of  the  pimue  ran  ia  ab 
parallel  lines. 

Var.  6.  C.  plat^'rrrachis,  Brongn.  ap. 

Petit-Cceur  ;  Col  de  Balmc. 

On  the  reversed  side  of  the  same  sjwimen 
beautiful  .xteuui  of  the  C.  ScAlolMeimii.     Tl< 
exactly   the  form  of  C.   arborearrnf,   nnd 
Uiwtr  nuite  the  two  ;  but  Bron^' 
loBflrtdn  ia  my  broad ;  it  is  n  And 

thicker  from  its  origm  than  in  C.  SeJUotMfumn. 

(*)16.   CyATHBITKS  CANOOLUCANVa, 

Mnntagnr  dr  Bacule  Carienne  (DauplunO.  <">  thr 
C  nrborftcfn*. 
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Agrees  in  all  respects  with  tbeCoitl-plaut,  except  tliat  the  piuiiules 
pxt  slenderer. 

(Aus.)  17.  Cyatheites  polymorphus,  Brongn.  sp. 
Erbignon. 


I 
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18.  Aletuopteris  Brongniarti,  Gopp,  (Pecopterit  pteroidet, 

Brongn.) 

Seems  to  he  the  most  ahundnnt  Fern  in  La  Mure.  In  some  cases 
the  edges  of  the  leaftets  seem  to  be  rolled  up,  as  in  Pteris. 

19.  Pecopteris  Pluckenetii,  Schl.  sp. 

Col  de  Balme. 

The  Basle  Museum  possesses  a  splentlid  fragment  of  the  lower  part 
of  the  frond  from  this  locality.  From  the  stem,  which  is  stout,  run 
long  jiinuic  standing  pretty  close  together,  so  that  the  leaflets  of  ad- 
joining pimiiE  partly  cover  each  otlier.  The  pintire  are  divided  iirto 
a  great  number  of  secondary  pinnie  (twelve  can  be  counted  on  each 
side  of  au  imperfect  pinna,  wanting  its  summit)  ;  each  of  these  is 
pinnated  with  six  to  eight  ioljes,  which  are  miited  at  the  base  and 
obtusely  rounded.  This  precisely  agrees  with  the  upj>er  two  pinnae 
in  tab.  107.  Gg-.H  of  Broiigniart.  In  our  collection  we  have  a  beau- 
tiful stem  from  the  (^onl-measures  of  Zwickau  which  answers  to  the 
lower  pinna  of  (he  same  tigure. 

(*)(t)20.  Pecopteris  pulchra,  Heer. 

Froixlr  bipiniuta^,  pinnis  pinnultsqiie  patentiluis  renioth;  (unnulis  distontibus 
oblonga-Unccolatls,  bui  apiccque  abtuiis  iutcgerriuiis ;  neT\o  medio  excur- 
rente,  nerris  secuiidariis  Eub  angulo  acutu  egredientibus. 

Petit-Ccrur ;  a  well-preserved  specimen  procured  by  Escher. 

The  stalk  is  moderately  thick.  The  pinnic  stand  pretty  wide 
apart,  so  that  their  edges  do  not  touch.  The  piunic  are  not  very 
long ;  their  middle  piiumles  are  longer  than  those  at  the  base  or 
point  of  the  piunre.  Tbe  pinna-stalk  is  thin,  the  leailets  alternately 
arranged  on  it,  but  jet  so  that  they  arc  in  pairs.  These  leaflets  are 
so  far  apart,  that  their  edges  do  not  touch,  and  even  a  coii.siderable 
interval  is  seen  between  them.  Some  stand  at  a  right  angle  to  the 
stalk,  and  others  at  a  slightlv  acute  angle.  They  are  longitudiiially- 
lancetdate,  a  little  mder  at  the  base  than  across  the  middle,  and  ob- 
tusely rounded  at  both  ends.  They  are  from  4'"  to  4^'"  lotig,  and 
from  i"'  to  l^"'  wide.  The  venation  is  generally  obliterated;  but 
sometimes  the  midrib  can  be  traced  to  the  point  of  the  leaflet,  and 
delicate  secondarj'  veins  branching  obliquely  from  it.  These  are 
easily  distinguished  from  the  lower  [ibmae  of  Neuropteris  Eteheri, 
which  occur  on  the  same  stone,  by  theu-  more  slender  shape,  and 
from  Cyatheites  Scklotheimii  by  the  piunte  being  much  shorter,  and 
by  the  leaflets  being  longer,  slenderer,  and  further  apart.  They  agree 
best  with  that  subdirision  of  Pecopteris  with  pinnated  fronds  and 
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entire  le&flets,  and  should  be  placed  among  ihow  next  to  P. 

Gop.,  from  the  coal  uf  \Vahleiil>frg ;  fruiti  which  it  SMm^  I 
by  the  leaflets  being  loiigi-r  and  niurt-  distant. 


21.   SiCILLARIA,  sp. 

Merian  found  a  lar|j^  fragment  of  a  stem  at  Erfaif^oon.   B« 

mentions  eight  or  nine  !i|H-cies  from  the  Tarenlaisr,  aiid  mmn 
S.  Brardii,  S.  tesiellata,  and  ^'.  notata. 

(*)22.  Lepidopuvllcm  lanc'kulatvm,  Broagn.  ! 

Petit-Coeur. 

A  large,  long,  lanceolate,  eiitirc-e<lgpd  leaf.  graduaUr  mt 
outwardly  and  divided  by  a  strong  longitudinal  nli.  1  mm 
specimens,  but  none  with  the  base  and  extremitv  prMerred, 
it  could  not  be  identified  witli  certainty.  ^_ 

(•)23.  Lepidopuvllcm  caricincm.  Hr«r. 

Petit-Ccenr ;  on  the  same  stone  with  Xmroutrrit 
A  long,  rigid,  straight  leaf,  of  uniform  brtadtb  (I)**).! 
strong  keel-sha[K?d  midrib,  besides  which  no  longituifiuidl 
detected.  It  resendiles  the  leaf  of  a  Cam,  bat  prab«hlj  mm 
ferred  to  some  species  of  Lfpidodentlron,  whidl  KNDfliaM  hi 
long  slender  leaves.  It  further  resembles  Ltfidodtmdrwm  ta 
sppearaiice. 

Very  like  Ijfpidophyllum  linrart  {Poaeilft  emrimmtm),  i 
(Mum.  du  Museum,  t.  viii.  t.  1-1.  f.  2),  hut  thr  leaf  m  oahl 
wide^  and  there  arc  no  other  ribs  l>esides  the  siuut  mwioh^ 

(.\US.)  21.    L'ALAMITKti  ClKTII, 

La  Mure ;  small  fragment  of  stem. 

(*)25.  Calamitks  vmovlatii%  Sterab. 

1^  .Mure. 

A  large,  decorticated  fragment  of  stem.     The  Inigtli ' 
uf  the  stem  amounts  to  one-thinl  the  iliamrtrr.     Thx 
wa\y  lines  ;  they  are  feehlv  arehe<l,  and  here  and  ' 
transverse  lines.     No  |iapdlir  ran  lie  traced.     Tbei 
pear  as  <loep  transverw"  furrows. 

It  agrees  with  C.  undulatm  in  its  wavy  (tiue  and 
ita  ribs;  the  ribs,  however,  are  somewhat  ■laodanr.  md  d) 
shorter.  Still,  as  the  cluaely  allied  ('.  StifkotU,  Hi  1 111^11 ,  ha 
times  shorter  and  sometimes  longer  joints,  thi*  ia  ao  grmiad  i 
rating  it  from  C.  undulnlu*.  From  ('.  CUtii  it  ia  diatiagaU 
nnly  by  the  nhorter  joints,  but  by  the  murh  greater  btWlM 
ribs  and  their  undulating  line«,  in  which,  aa  wrll  aa  in  th»  h 
the  joints,  it  also  is  distinguishable  from  V. 
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(Atu.)  26.  Calamites  Suckovii,  Brongn. 

This  variable  plant,  »o  abuiidaut  in  the  Coal-measures  and  so 
widely  distributed,  occurs  also  in  the  Anthracite  of  the  Tarentaise 
and  of  Stj-ria. 

27.  Annularia  brevifolia,  Brongn. 

Beudant's  Mineral,  und  Geolog.  p.  h.'i'.  fig.  212. 

Col  de  Balnic  ;  Petit-Coenr. 

Seems  to  be  pretty  abundant :  some  specimens  entirely  agree  with 
some  from  the  coal  of  St.  Etieune,  near  Lyons,  and  of  S(.  Iinbert, 
which  we  possess  in  our  Collection  ;  others  have  rather  shorter  leaf- 
lets. It  has  thin  stalks,  furnisheil  with  delicate  leai-whorls.  These 
consist  of  twelve  to  sixteen  leaflets,  which  are  almost  wedge-shaped  ; 
they  widen  outwards  by  degrees,  and  are  obtusely  rounded.  From 
the  leaf-whorls  proceed  delicate  branches  (apjiarently  one  on  each 
side),  the  leaf-whorls  on  which  gradually  diminish  in  size. 

The  Annularia  fertilis,  Sterub.,  abaiidant  in  the  Coal-measures, 
and  also  found  in  the  Anthracite  of  the  Stang-jUp,  has  not  yet  been 
detected  ui  our  mountains. 

(*)28.    .\STEROI'HYLLITKS  ANTHRACINUS,  HeCF. 

Caule  gracili,  fotiiii  vcrticilUtis  arcuatia  fiUformibus,  intemodis  triple  lungtoribiis ; 
vcrticitlis  suli-patciitibiis. 

Petit-Coeur. 

On  the  same  atone  with  Nmropleria  Escheri.  Unquestionably 
the  same  as  Bunburv''8l  Asfemphtfltitea  No.  12  of  the  Tarentaise 
and  No.  10  of  the  Col  de  Baliue,  which  that  botanist  compares  to 
Atterophi/ltUes  fulioms,  L.  &  II.;  in  which,  however,  the  leaves  are 
longer  than  the  intcrnodes.  It  differs  from  A.  Innyifoting,  St.  sp., 
which  Brongninrt  and  llunbnry  describe  from  the  Tarentaise,  in  ita 
shorter  interuodes,  and  in  the  leaves,  which  are  shorter,  standuig 
more  apart  from  the  stem.  The  stem  is  slender,  not  above  1'"  ui 
breadth  at  the  thicker  end.  Towards  the  extremity  the  intemodea 
become  shorter,  so  that  the  whorls  of  leaves  are  closer  together. 
The  leaflets  are  fan-shaped,  of  almost  uniform  breadth,  standing  off 
from  the  stem  and  describing  a  curved  hne.  From  eight  to  ten  ap- 
pear to  form  a  whorl.  [J   C  M  1 


On  the  Slow  Elevation  and  Sddsidence  nf  the  Land  in 
Switzerland.     By  Prof.  B.  Studer. 

[Verbandl.  d.  Schweitz.  Naturf.  Geaellach.  1B48,  za  Solothurn,  p.  37-41 ;  and 
Leouhard  u.  Bronns  Jalxrb.  f.  Min.  1850,  p.  221.] 

1 .  In  the  neighbourhood  of  the  Alps  the  Mo!a«se  has  a  thickness  of 

from  1000  to  1500  feet,  which  decreases  in  proportion  to  its  distance 

therefrom.     The  marine  organic  remaim  present  the  same  species 

t  Lee.  eif.  pp.  140  &  142. 
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throughout,  although  there  u€  aevenl 
water  origin  ;  and  from  this,  in  connectioo  with  < 
the  Molasse  to  have  been  depositiHl  in  water  of  a 
rally  slight  depth,  in  a  locality  where  marine  and 
tioiis  occasionally  replaced  each  other. 

The  Molasse  without  doubt  suffered  a  (low  and 
ward  niovemeDt,  so  as  to  niaintaiii  (he  moHerate  depth  ab) 
cated,  notwithstanding  the  contimiAl  -  '   bv  acw  de|| 

Hence  we  conclude  that  a  tissure  exists  >     a  the  Molam 

Secondary  rocks  nf  the  Alps  (which  have  nut  porticinatd  a 
sidence),  without  doubt  ui  consecjueuce  ol"  Uip  prmoaa  rial 
the  latter. 

2.  The  Aar  near  Berne,  the  Sariuo  near  Prnbnr^i 
have  seqK-ntitu'   courses,  like  riven  u{  low   plaioaj 
although  their  deeply-cut  channels,  traversiugl 
have  steep  banks  .'iU  or  10  metres  high.    The  stair-lj 
river-beds  show  that  these  erosive  u|)er*tioii3  alte 
of  rest.     The  inuterial  thus  cut  thrun(;h  p-uer 
alluvia,"  I.  e.  gravel  and  sand  with  indiattoctl 
but  often  in  the  lower  portion  of  the  cfaaand,  and  lo  tW  b 
10  metres,  the  perpendicular  banks  ut  comuoaed  af  Mol— I 

A  stream,  however,  that  has  force  and  £u  aiiaa|h  la  aia 
de<'p  a  channel,  can  no  longer  dcacriba  a  Mtpnfkna  i  Waa 
rivers  must  at  timt  bnvr  tlowcd  ovnr  groood  faavinf  only  a  d 
chvity,  but  which,  al"ter  the  serpentine  counsc 
more  and  more  steep,  thus  givuig  riw  to  the  deep 
mentioned.  Tlieitc  conditions  may  hava  nmplj  ' 
the  upper  part  of  these  river-coursw  haa  be*n  gtm 
elevation  of  the  continent ;  and  this  i*  provetl, — !.  by  the  tn 
previous  filling  up  of  the  Alpine  vntlevs  aoioc  hundnnl  fmt  al 
prenent  surface  of  the  rivers,  and,  '2.  ty  the  prcscrvatiaa  of^ 
zontalitv  of  the  strata, — in  ctmtrast  with  ihr  » ■  -•  ■  --■  -tj 
the  Mola»se  beds  previously  rjiu«ed  by  seci  [i 

The  elevation  of  these  alluvia  can  oiJy  lunr  mut 
quently  to  the  distribution  of  the  erratic  boulJen,  i 
nver-courses  cut   thnrngh  gravel  and   luaui.  inrlwatng 
blocks,  which,  however,  are  never  foimd  ou  the  l« 
beds,  except  where  they  have  fallen  down  from  tha 
the  banks. 

The  surc<'ssion  of  the  moveuieuta  above  iadklwl  ia  a*  frfli 

1 .  Klevntiou  of  the  .\lpine  diatrict  bcibia  Um  Mliiai  p| 

2.  Subsidence  of  the  district  botdtring  tha  A^  4h 

Mola&sc- period. 

3.  Elevation  of  the  Molaasc  and  tht  upcaat  of  i(a  i 

4.  Deposition  of  the   old  alluvia  in  th»  AJf ' 

vallevi. 
i.  Drpoailioa  of  tlic  £natics. 
0.  Cootineotal  aiaTitian  of  the  Alpine  dtftrict. 
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On  the  Neocomian  Formation  of  the  neighbourhood  of 
Brunswick.     By  Von  Strombeck. 

[Zeit«chrirt.  cL  gcolog.  Gescllscfa.  vol  L  pp.  462  et  leg.,  and  Leonhard  und  BroDn'i 
Jahrb.  f.  .Min.  185»,  p.  230.] 

This  formation  for  the  most  part  cousista  of  a  bluish  grey  and  some- 
times shaly  clay  (Hils-ctay,  ot'lloemer*),  havuig  a  thickness  of  several 
hundred  feet.  Towarils  the  upper  part,  at  some  spots  of  limited  ex- 
tent, small  crystals  of  gypsum  are  found,  also  beds  of  argillaceous  iron- 
stone nodules,  spathic  iron,  and  impure  limestone.  Organic  remains 
arc  rare. 

Not  far  from  the  liase  of  the  formation  there  is  an  horizon  marked 
by  the  prest'iice  of  heterogeneous  rocks,  occurring  in  a  great  quantity 
and  of  varying  thickness,  up  to  as  nmch  aa  forty  feet.  They  are 
not,  however,  coiLstant  on  the  strike,  and  in  some  districts  they  appear 
to  be  entirely  wanting.  The  clay,  by  adniLxture  with  Ume,  sometimes 
becomes  marl,  and  from  this  passes  into  very  hard,  bluish  grey  Ume- 
stone.  At  other  places,  ij>  shghtly  coherent,  yellowish  grey,  argilla- 
ceous limestone,  occur  angular  or  rounded  fragments  of  chiy-iron- 
fitone.  When  the  calcareous  cement  disappears,  a  bed  of  pea-ore 
[Bohn-erz]  is  found,  which  hears  somewhat  of  an  oolitic  appearance. 
In  all  these  heterogeneous  rocks  many  species  of  organic  remains 
Oi'ctir,  some  in  a  good  state  of  jtreser^  ation,  others  in  fragments.  At 
8ome  places  the  fossils  are  found  indtedded  in  pure  clay.  These  fos- 
sil! ferous  rocks  near  the  base  of  the  formation  are  equivalent  to  the 
nils-conglomerate  of  Rcenier. 

This  foniiation  rests  upon  the  Upper  Jura  (Coral-rag  titid  Portland- 
stone)  ;  and  where  these  rocks  are  absent,  as  near  the  foot  of  the 
Hartz,  it  lies  upon  the  Lias  with  Belenmites  and  the  (Jpaliniis-clay. 
Near  the  Hartz  it  is  covered  by  the  Lower  Freestone  [Quader],  which 
is  found  as  far  distant  as  the  neighbourhood  of  Hornhnrg ;  and,  where 
the  "  Quader"  does  not  exist,  as  near  the  Elme  and  the  Asse,  &c.,  it 
underlies  the  Variegated  .Mari  [Flanimen-niergel]. 

Gauh,  such  at  least  as  it  appears  in  England,  France,  and  Savoy, 
is  here  wanting. 

Rffinier  has  paralleled  this  formation  nith  the  Neocomian  of  Switz- 
erland and  South  of  France,  and  with  the  Lower  Greensand  of  Fitton  ; 
and  that  this  opinion  is  well  foumled,  is  proved  by  the  fauna. 

In  the  lower  fossiliferous  rocks  the  Itadiatii  and  Moltiiaca  of  most 
frequent  occurrence  are, — Toxatter  complanalut,  Ag.  {Spatangua  re- 
tiixux,  hfon.),  Pi/rina pyi/tea,  Desor  (Xucleolite»  truiicatitluii,  Uoera.), 
Terebratula  ohionga.  Sow.,  T.  multiformis,  Ita'm.,  T.  t/iplicala,\hr., 
sella,  Sow.,  Ontrea  macroptera.  Sow.,  Exogyra  spiralis,  Goldf.,  E.  si- 
nuata.  Sow.  (E.  Couloiii,  Defr.,  and  E.  aquila  tmAfalciformis,  Goldf.), 
Peeteii  erassilesta,  R<em.,  P.  atarus,  Roem.  (Jaiiira  atava,  d'Orb.), 
Myopsis  (Panoptpa)  areiiata,  Ag.,  Befemnites  »ub(piadratus,  Rcem., 
Ammonites  bldie/iotuiniis,  d'Orb.,  and  Am.  Astierianus,  d'Orb. 

Palffionlologically  considered,  the  Hils-conglomerate  of  Brunswick 

•  [See  notice  of  the  Hili-cUy  and  -congloroettte,  Proc.  Geol.  Soc.  vol.  iii. 
p.  324.— Tkansl.] 
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most  nearly  resembles  the  NSoeomie»  inffriemr  of  Switaeriam] 
appears  at  Mont  Sall^vc  near  Genf.     Thn  similaritv  ia  thr  nan 
ing,  as  Terehratula  multiformin,  Roem.,  willi  the  Swiie  7*. 
Sow.,  according  to  Von  lliicli,  ami  T.  telta.  Sow., 
T.  hiplicata  acuta,   V.   Buch,   form  hut  one  sp 
similar  occurs  with  the  small  corals  of  the  geuera  Scyt 
Manon,  &c.,  which  at  some  places  arc  of  very  ftv^noft 
and  are  elsewhere  entirely  wanting. 

In  the  clay  itself,  in  wliich  the  fossiliferoua  mtiiw  of  rack  i 
bedded,  the  organic  remains  are  limited  to  a  few  utiw,  vlacll 
also  in  the  llils-conglomerate.  The  most  comrooa  fcaila  u*  J 
cra»*ite*ta.  Item.,  and  Exogyra  sinuata.  Sow.,  and  alao  •  Ball 
(somewhat  resembling  B.  *ubJ\i*iform%$,  Rasji.,  from  th* 
Neocomian),  which  does  not  occtir  in  the  lower  foaMfiferoas 
masses.  ^^ 

As  the  faunae  of  the  upper  and  lower  beds  dififer  only  in^H 
these  Bflenuiiteg,  there  does  not  appear  to  be  sufficient  41 
separating  the  lower  fossiliferoiu  portion  from  the  upper  bed*  tl 
lesM  rich  in  organic  remains.  The  whole  may  be  consiiierrid  m 
vision  of  the  ('retaceotLs  series,  having  a  uniform  fauna,  aadeaai 
chiefly  uf  a  thick  argillaceous  de|)o8it,  towanls  tlie  base  of  iritt 
terogeneous  rocks  with  accimiulations  of  organic  rrniaina  at*  o 
occurrence. 

This  fonnation  does  not  comprise  the  Upper  Xeoeoauaa  b 
Switzerland,  &c.,  or  the  Terrain  Aplien  of  d'Urbignr. 


New  FomLsyVoM  the  Vkrrvcano. 


rr^ 


A  Supplemental  Note  to  the  "  Consideratitms  uf  the  StnUigni 
Geology  of  Tu.«cany,"  by  Professors  Savi  and  .Mknkcbi 
Pisa,  appended  to  a  Translation  of  Sir  K.  Mt'HCNiaox'a 
on  the  Geological  Stntcture  of  the  Alps.  .\|>niuiac*.  wmk  i 
thians*  (Now  in  the  Press).  8vo  Pamphlet,  ISjI. 

(NCOVI  FuSSILI  DEL  Vkrrvcano. 

Nota  aggiunta  alle  Conaideratumi  tulla  Oeol4>gia  ttml 
Toscann,  dri  Prtif.  Cav.  Paolo  Savi  e  Givskppc  Mi 
chc  fnnno  srgiiitn  alia  trsduxioue  dell'  (Jpera  di  Sir  K.  ' 
WJN  Mvlla  Stmttura  Geolo</ica  delU  Jlpi,  dtjfU  j4m 
Carpari,  die  si  sta  pubblicando.    1 8.)  I .) 

Tbb  works  in  connection  with  the  ctnnaiMr-nuiM  diHOVcnd  a^ 
and  which  already  have  had  the  very  important  gtaloa^ail  t^ 
leading  tu  the  discovery  of  well-preserve«l  and  rMOgHMaU*  i| 
■ions  of  Carboniferous  plants  in  the  Vrmicmnot,  have  iMc^ 


•  [See  Quirt.  Joum.  Grol.  Soc.  vol.  t.  pp.  1S7  «<  mmA 
t  [Sec  IbU.  vol.  »i.  p.  S8S.  ns/«.] 
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pruJuctive  of  other  fossils  of  still  greater  importance,  namely,  of 
aiiitiml  ri'Miaiiis,  belonging  to  the  same  period. 

The  exeaviition  of  two  galleries,  nnming  in  a  S.W.-N.E.  direction 
at  two  different  levels,  has  rendered  it  ])ossihle  for  us  to  recognize 
the  tnie  disposition  of  the  strata  in  that  part  of  the  mountain,  and 
the  relative  position  of  the  tbssils  above  referred  to  and  presently  to 
he  noticed. 

A  rough  examination  of  the  surface  of  the  ground,  encumbered  as 
it  is  with  rocky  debris,  enables  us  to  percei\e  tliat  in  general  the 
strata  strike  S.E.-N.W.,  and  dip  to  the  N.E.  The  mining-works, 
however,  above-mentioned  indicate  that  the  strata  have  a  dome-like 
curvature,  the  curve  presenting  its  convexity  to  the  X.E.,  and  com- 
prehending in  its  conea\ity  the  greater  mass  of  the  anthr.-teitiferous 
and  cinnabar-bearing  deposit.  From  tliis  dome-like  arrangement  it 
follows  that  iii  the  central  part  of  this  ileposit  the  superior  strata  are 
turned  over  somewhat  to  the  S.W. 

It  was  in  the  first  portion  of  the  upper  gallery,  which  is  driven 
near  the  vertex  of  the  dome,  that  the  bed  rich  in  vegetable  impres- 
sions was  met  with  ;  hut,  suddenly  jiassing  upwards,  it  was  left  be- 
hiud.  The  same  bed  was  again  encountered  in  this  working  by 
means  of  a  descending  gallerj',  which,  at  ,'!!>  bracchia  [nbiut  71^  Eng. 
ieet]  distance  from  the  opening,  is  directed  towards  the  |ilane  of  the 
lower  giUlery,  to  the  N.\V.,  anil  thus  traverses,  in  that  direetiou,  the 
cun'ed  strata,  and  consequently  is  continueil  from  the  lower  towards 
the  upper  beds,  in  nliich  the  latter  gallery  is  now  being  driveu  at  a 
lower  level. 

In  excavating  the  first  portion  of  this  second  gallerv  the  fossils, 
that  wo  shall  presently  cuiunerate,  were  met  with.  It  Las  been  pre- 
viously mentioned  that  the  upper  strata  consist  of  great  beds  of 
quartzose  auagcnite  [coarse  greywaeke],  which  repose  on  siliceo-talcose 
schists,  of  a  greyish  black  colour,  more  or  less  eosiipaci,  alternating 
with  deposits  that  are  somewhat  fine  and  iutenupted  with  anthracite. 
The  njijRTninst  of  these  schists  liave  a  greater  compactness  and  a 
texture  so  coarse  as  to  resemble  a  psunimite  ;  the  lower  beds  ore  of 
a  finer  grain,  aud  might  be  taken  for  siuijde  nrgillaeeoua  schists. 
The  latter  contain  the  vegetable  impressions ;  whilst  the  miimal  re- 
mains arc  found  in  the  fonner.  Judguig  from  the  appearance  of  the 
rocks  on  the  surface  of  the  mountain,  other  beds  of  uuagenite  might 
be  expected  to  underlie  the  schists  with  vegetidjle  remains,  but  as  yet 
the  suhterraueau  works  have  not  come  upon  them. 

The  most  abundant  of  the  animal  remains  of  this  locality  are  those 
of  the  L'yathocrinite,  uiidenneutioned  ;  the  others,  exci'pting  those 
of  the  few  lirachiopuda,  liryo:oiiria,  and  Polijpiferu,  all  belong  to 
the  Lamellibranchiate  Molluscs,  and  consequeully  to  a  Class,  in  which 
the  dirticTiity  of  recognizing  and  determitnng  the  species  is  greater 
than  in  any  other,  especially  with  such  poor  remains  as  are  here 
afforded  to  us — frequently  incomplete  impressions,  and  imbedded  in 
rock  excessively  altered  by  metaniorphie  action.  From  the  very  nu- 
merous shells,  therefore,  of  the  casts  of  which,  in  some  parts  of  the 
fossiliferous  stratum,  the  rock,  one  might  say,  is  almost  eutirely  com- 
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posed,  we  iiave  as  yet  succeeded  in  determiniiig  with  i 
racy  only  the  few  following  specica : — 

1.   Phokdomya   regularis   (D'Orb.).     Allor 

Vera.  Geol.  Russ.  vol.  ii.  p.  29.S.  pi.  19.  fi^.  6.  pL  J 
'2.  Phuladomya  plicata  (yj'Ori.).    SanguiiuUaria  plirmt» 

3.  Pholadotnya,  sp. 

4.  Cardicia  telliuaria  {Koninck).      Vnio  lellimarim*,  Gol 

pi.  131.  fig.  17. 

5.  Cardionior|>lia  pristiua  (D'Orb.).     Jmpkulimma  prim 

Geol.  Huss.  vol.  ii.  pi.  20.  fig.  5. 

6.  Leptiena  arachiioidea  (i>'Or6,),  Phill.sp.     (MAim  m 

Veni.  Geol.  Russ.  vol.  ii.  p.  I<)C.  pi.  lU.  fig.  IW,  pi. 

7.  Productus,  sp.  ^hJ 
t<.  Spirifer  ^laber  {Sow.),  Martin,  sp.  ^H 
9.  Ptilodictya.  sp.  ^^ 

1 0.  Cvathoerinus  (|uinqiiaiig:ulan8.  Miller.     (lichtt.  83.  Sj 

Phillips,  Geol.  Yorks.  p.  -.'OG.  pi.  3.  fig.  ;i(>-*L 

1 1 .  Oriopora  irregularis  (If  Orb. ) .     Alrrolilet  i rrwfmlmru 


Michrl.  Zuopk.  pi.  w.  fg. 


Cbtu.  Belg.  pi. 

The  discover)'  of  these  most  iin|>ortaiii 
we  were  not  altogether  deceived  iu  assig:  ij^e  of  tt 

feroua  period  to  the  rock,  termed  by  us  tlic  N^rruauie,  i 
being  some  degree  of  uncertainty  as  long  u  fiwsil  plant! 
known  to  be  present  iu  it,  the  orcurrrnce  at  a  hagber  I 
same  rock  of  animal  remains,  belonging  to  that 
doubt  that  eiiuld  j)Ossiblv  remain  on  this  |iotuI. 
different  from  that  of  the  Tnrentnis*',  Itrrauiie  wp  ha< 
mysterious  comminglin<r  of  Junt>sir  fossils  with  Cj 
but  on  the  contrary  we  iind,  and  that  too  in  tbnr 
reniaina  of  the  most  characteristic  s|>reies  of  aniniala  of 
period. 


M'e  have  recently  collected,  and  MM.  Piti«t 
courti-oiudy  favoured   us  with,   several  »j)ecimen»  ct 
])laiits  from  the  same  authnicite-bed  that  supplied 
enumerated.     The.w  are — 

I.  Ciilamit<-3,  sp. 

'Z.  Nrphropteris  orbicularis,  ttrony.,  TaU. 

,'i.  Odontopteris  ^^chlotheimii,  Hrong. 

I.  F'ecoptrris  (Aplophlcbis)  ainitB,  Bromf. 

The  other  plants  included  ni  our  list  of  Tuscan 
Oe<iI.  Stmt.  Toscoiui]  arc — 

5.  Nennipteriii  rotiutdil'olia. 

6.  N.  allied  to  .V.  l'o//.-ii,  Brnug. 

7.  N.  allied  to  X.  rlrgmt;  Bft>a|^. 

8.  N.  sp. 
0.  .\(liautjlr>.  sp.  nor. 
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Ptcopteris  (Ai>lo[>hlebi.s)  arborcscens,  Bromj. 
P.  (A.)  iiUied  to  P.  vnita,  Brong. 
\'l.   P.  (A.)  resemhliug  P.  (equalin  and  aapena. 

13.  P.  (A.)  alliinl  to  /-'.  arboreacens,  Broiig. 

14.  P.  (Dicrop(ilebis)  cvathca,  Brong. 

15.  P.  (D.)  Biu-klandi,' Bron^. 
P.  (D.)  allied  to  P.  nervosa,  Broiig. 
Calnmites,  sp. 
.\nnularia  longifolia,  Stemb. 

[T. 


to 
1 1 


10. 
17. 
1«. 


R.  J.] 


Sketch  of  a  Geognottieo-(/eot/ftietical  Description  of  the  .\ix-i.a- 
L'hafellk  District.  By  Dr.  M.  11.  Dkhky.  pp.  (i/.  -Ito. 
Aix-la-("bnpelle.  lM4i).    With  a  Lithoa;raphic  Plate  of  Swtions. 

TEntwurf  zu  rincr  j^eoj^ostisch-giengenetiichen  Dantelluiig  iler  Gcgend  von 
.lichen,  11.  J.  w.] 

This  memoir  is  a  short  sketch  of  n  more  cxtfiidcd  nioiKigrapb  on 
the  rocks  and  fossils  in  the  neighbourhood  of  .\ix-ln-<'hapellc,  ami 
more  especially  on  the  Cretaceous  series  of  that  distriet.  This  For- 
mation is  here  reraarliahle  for  its  lower  sand-  and  clay-beds,  which 
contain  a  rich  and  beautiful  Flora. 

In  dividing  the  Chalk-formation  of  AL\-ln-ChapeUe  into  groups,  and 
fonijtaring  them  with  those  of  the  classical  localities  of  this  Fonna- 
tiot)  in  Bohemia,  Saxony,  and  England,  the  author  finiLs  himself  at 
variance  with  many  geologists  ;  especially  as  reganls  the  question 
whether  all  the  Cretaceous  deposits  of  Aix-k-Chapelle  are  superior 
to  the  Gault,  or  whether  beds  chronologically  equivalent  to  the 
Crault,  and  even  to  still  lower  deposits,  viz.  tlie  Shanklin  Sand,  are 
present  there.     Dr.  Debey  considers  that  the  latter  is  the  ease. 

The  genpra]iliieal  distribution  of  beings  is  ne<:c9sarily  regarded  by 
the  author  as  of  great  im](ortance  in  proving  that  deposits  ])erfectly 
synchronous  muv  in  difl'ereiit  countries  present  verj*  dift'erent  faunas 
and  floras  ;  and  he  )ioiMts  out  that  hi  this  manner  the  Cretaceous 
basins  and  gulfs  of  England,  France,  -\i.\-la-Cliapeile,  Saxony,  Bo- 
hemia, Silesia,  X'c,  may  jircsent  local  peculiarities  and  little  specific 
identity  of  orgaiue  forms,  and  nevertheless  may  contain  beds  which, 
by  their  stratification,  geognostic  characters,  and  generic  resemblance 
of  their  fossils,  are  unquestionably  of  identically  the  same  age. 

Commencing  with  an  account  of  the  older  rocks  of  the  district. 
Dr.  Debey  proceeds  to  give  detaded  descriptions  of  the  Cretaceous 
deposits  and  oi'  their  organic  remains.  The  .'Vix-la-Chapelle  Chalk- 
formation,  having  a  thickness  of  ii-liOO',  is  described  as  lying  imme- 
diately on  the  Greywocke  andCarhnnifernus  rucks  (as  also  in  Westpha- 
lia, Bohemia,  and  Sweden),  and  constituting  a  series  of  littoral  deposits 
of  that  great  Cretaceous  sea  that  extendetl  westwardly  between  France 
and  Great  Britain  on  both  sides  of  the  existing  Chatniel,  and  east- 
wardly  over  North  and  t\'ntral  Germany,  Sweden,  Poland,  and 
Russia,  far  into  Asia.     The  following  serial  arrangement  (in  ascend- 
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ing  order)  of  the  component  groups  of  the  Aix-U-< 
given  At  p.  5. 


Div'iiiont. 


I.  Ixiwer 


II.  Middle 


III.  Upper 


with 


intcfcalirlcd 
Oalk.lM 


tUIMHlC. 


IV.  Uppennoft... 


1.  Aix-Ia-Chapelle    Sand 

clar-bciU    (\i\  '    < 
[AachfMpr  Kri 

2.  Lowrr  Grrensa:iil 
\3.  (!yrolil«-gTrenwod  .... 

Upper  Groeound  and  cfalaritie  Cbalk  .... 

ni.  II.  _    I  /  «•  WUhoiit  KmUMM 

Chalk-mailj  J  .j^..,^  pj„,^,  

g     r  Luaberg  Breccia 

\  Vetschaii  anil  kuurar<l  Chalk-mat    ... 

7.  Vetschau  and  Kuiuacd  ConUebalk   

a.  Ilornttone    

9.  Valkenberg  and  Maestricbt  Chalk-liOr  .. 


The  last  (No.  9)  does  not  occur  in  the  ilistrirt  undrr  cnriiMtlrii 

The  fauna  and  Here  of  the  "  Lowrr  DiviMnn  "  of  the  nham 
are  of  conBidcrablu  interest.  It  is  sulidiridrd  liy  the  inttior  nl 
groups. 

The  lotcett  exposed  betls  of  the  *'  Aix-U-CtupeUe  8«nd  " 
but  a  small  j)ro|iortlon  of  vogrfahlc  rcnuiius. 

The   miilillf  proup  is   reninrknhlt.'   for  the  great 
variety  of  its  thira.      It  rontnins  rrniatn!«  of  deliciitr 
flowers,  and  fruit!*,  and  llir   re.sin  of  Conifers.     The  epUa 
wliole  h-aves  nonietimcs  ocetirs  in  a  nlightly  earlioniaed  sdllc; 
cognizable  by  its  uiicroHcopic  stnicture.      XylophsMNM  Mali 
found  in  the  petrilieil  and  carbonized  wuoti,  UxllBl^aatill  t 
occur  in  the  clay. 

In  the  u/iptr  group,  the  sandstonM  contain  •  gnat  tpm 
vegetable  detritus,  amongst  which  occur  tome  Unuachok  1 
without  fniits  (Ci/ca</ojtsit).     Very  rarely  ■  few 
mains  accompany  the  above  {CarJium  Brrkn,  MuTl.). 
iM-ds  a  fi'W  marine  remains  have  been  found,  \\t    Ttmte  _ 
ffonia  atfr/itrtnia.      I.,}L-(tly,  a  small  local  ptr  <UMr  ' 

affords  (htrm  rmirulnriii  (very  rare),  a  <jii..  •■tliar  Ot 

Gasteropod  res<-nibling  Crrilhium,  and  wliirh,  allhuugh  it  | 
one  of  Turritella  rontulata,  (Joldf.,  from  the  Oolite,  u  or»«i 
peculiar  to  this  sandstone ;  also  a  fragmeut  of  a  huf;*  IVtm 
new  Pitlrtla,  and  another. 

.\  comparative  view  of  the  |)al«<mtalocy  of  tht  AffENSt  ■ 
of  the  Chalk-formations  of  .\i\-U-Ch«p()Ms  BoheuM,  and  S^| 
giveu  iu  a  tabular  form,  and  is  succeeded  by  a  conaidentka 
Dretaoeous  Flora  ;  especially  of  Saxony,  SiUwa.  and  AiK  !■  C 
By  its  richness  iii  Alga  and  Ferns,  &c.,  iar«  the  aatlkor. 
if*  poverty  in  Cyeadett  docs  the  Aix-la-< 'hapelle  C'rrtaeva 
differ  from  most  of  the  others.  The  Voni/rr^  aud  p*iti 
IHcotjrlcidonoas  IcaTra.  howertr,  indic«t«  an  rriinit 
The  CmmmMfkamitM  (Staumr,  BohamiaK  0*mitttm 
Jravrar:  1  tn*  Lyfopoiit^  (^xrwj),' 

bablv  I. .  ..are  fonni  dacidnitv  aliiol  i 
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Ill 


(lop*i»*,  mi  J  indeed  it  is  prolmble  that  iJtiniately  some  of  the  above 
will  provt  to  be  identical  with  the  last-named  genus. 

Of  the  Dieotyledunons  leaves  it  is  worthy  of  remark  that  the  PAyl- 
lite»  Geinitzianua  and  Ph.  pmartfitititun,  from  the  "Qnader"  of  Si- 
lesia, lately  described  by  Prof.  Goe[i]KTt  in  the  Aeta  Leop.  vol.  xxii. 
jit.  I.  p  361.  figs.  ;"),  6,  7,  10  and  1 1,  exhibit  an  agreement  with  Dr. 
Debey's  gemis  Bower bunkiaf;  whilst,  on  the  other  hand,  of  the 
Cretliieriee  (which  es]iccially  a|)jjcar  to  belong  to  the  "Ujiper  (Juader" 
of  Blakenbnrg,  oceur  oidy  es  a  few  species  in  the  Silesian  "Quader" 
and  in  the  Niedersehona  beds,  aiid  are  altogether  wanting  in  the 
Bohemia  "Quader")  there  is  not  a  trace  in  the  Aix-la-Chapelle 
Sand. 

h  stratigrB]>hteal  arrangement  of  the  best-determined  vegetable 
remBin.s  of  the  whole  Chalk-formation  exhibits  the  greater  [irevalence 
of  plants  iu  the  /o«>i°r  Cretaceous  rocks  of  Germany.  The  proportion 
is  approximately  as  follows  J  : — 


Upper  Chalk. 

White  Chalk. 
Upper  Quader? 

Middle  Chalk. 

Greenland. 
Gault. 

Lower  Chalk. 

Lower  Quader. 

Aix-la-ChapeUe 

Sand. 

Al(nc 

12 
6 
0 
0 
1 
1 
4 
0 

s 

4 

0 

0 
0 
0 
3 
1 
0 
4 
3 
0 

1 
0 

15 

28 
2 
5 
5 
1 

20 
5 
3 

28 

8 

Filices  ,....••..... 

HvdroDteridc •. 

Nsiadee   

PtlmE 

CoDLfers!       

Leaves  (Dicotyledonoiu),  unde- 

Fniils,  undetermined  ••... 

Woods.  undeCermined ■>... 

The  remainder  of  the  memoir  is  occupied  by  much  interesting 
matter  relating  to  the  Chalk-fonnation, — especially,  n  review  of  the 
faunas  of  the  Cretaceous  dejiosits  of  different  countries,  and  general 
considerations  on  the  Cretaceous  Period, — aivd  by  a  deseriiition  of  the 
Tertiary  and  Po8t-t«rtiary  deposits  of  the  neighbourhood  of  Aix-la- 
Chapelie.  [T.  R.  J.] 

•  For  description  of  this  genus  and  of  «ix  ipecies  from  the  Iron-sand  of  .Ux-la- 
Chajielle,  see  Dr.  Debey's  paper,  Ueber  eine  neuc  Galtunjf  urweltlicber  Coiiiferen 
aiis  dem  Eiscnsand  der  Aaehcner  Kreide.  Verliandl.  iiat.  Vereins  preiiss.  Kbeinl. 
Bonn.  1847,  p.  126  tt  uq. 

\  Some  of  leaves  are  from  4  to  6  inches  in  length,  and  occur  in  a  beautiful  state 
of  preservation.  [Dr.  D.  m  /i7.] 

X  This  Table  is  corrected  from  that  published  by  Dr.  Dehey,  together  with  a  list  of 
Cretaceous  plants  with  references,  synonyms,  &c.,  iu  his  Paper,  Uebersicht  der 
urweltliclieu  Pflanzen  dcs  Kreidegebirges  iiberhaupt  und  der  Aachener  Kreide- 
aclucbten  iusbei>uudere.  Verb.  Ver.  pr.  Kheiiil.  1H47,  p.  113  et  teq. 
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On  the  Elevation  of  the  Coast  r/SwEDEi*.     Br  II.  N| 

[LeonhanI  u.  Bronn't  Neiiei  Jahrb.  f.  Min,  u.  %.  w.  I8&0,  p.  477:  i 
iiniv.  Geneve,  Sc.  phyi.  1*51,  p.  U9.] 

In  It  work  on  the  Existence  of  Miin  in  ScaiidinAvLs  prrriniwiy  ^ 
liistoric  age(Forhan(ll.  Skaiidiii.  Xatiirf.  t.  mode  iChrisdaaM,  1 
('lir.  18-17,  p.  !)3-U)t)),  the  author  fumishe*  Mime  tiit«TCftia|; 
relative  to  the  elevation  of  the  land  in  that  repun.  A  rodu  M 
Cudtnanck  Schiire,  in  the  hnrlxiur  of  Fjellhttcka  I  Lat.  5^  W), 
offered  op]iortunitie8  of  carefiil  exuniiuation  .  and  hnx*  il  hm 
established  that  in  I  b'i'l  the  rock  was  2  f«e<  bolu«  the  surface  ol 
sea, — in  1 662  it  was  7  or  H  inches  alKive  the  surface, — in  1  l-H^  S 
—and  in  \HAA,  4  feet  alxtve  water.  Thus  it  luu  riaea  6  ftcc  m 
years — or  at  the  regular  rate  of  one  foot  in  ftftj  yean.       fIL 


On  .\rkan8ite.     Bv  A.  BKr.miAurT. 

[PoggendoriTs  Annal.  (I.  Phyj.  t.  I\xvii.  |ip.  302  *t  anf 

N,  Jahrb.  f.  Mm.  u.  &.  w.  MM,  p.  S46.] 

The  new  mineral  Arkansite*,  di;Koveml  by  Dr.  Shepanl  oai 
Hot  Springsf,  Arknuiias,  U.S.,  is  described  as  brine  pvcidHl 
(cresting  in  a  crystallographic  point  of  vit-w.  The  follawiag  ari 
chief  characteristics  : — 

Externally  the  lustre  is  always  setni-nietallic, 
iiig  a  metallic  diamond-lustre.  Extenmlly  the  <ur 
have  a  uiore  or  less  niclidlic  appeurancc.  Colour  i 
dark  ash-grey.  Quite  opake.  The  prinuirj-  fonn, 
crystak,  appears  to  he  a  brachyaxinl,  rhunibiudal  pyr 
The  author  observed  several  coniliinatioiu.  but  a  dctailtU  deatra 
of  them  cannot  be  well  luidcrstood  without  tbe  figtina.  1W 
vage  is  not  distinct.  Fracture  uneven.  Compact  tnaaact  of 
mineral  form  a  rather  loosely  coherent,  graniUar  oompcmiML  i 
ne8S=7|  to  S.     Specific  gnivity  =  3'952. 

•Arkansite  is  found  mixed  with  grerish-whitc  quaita  ;  aad 
iiBve  uumistakeahly  the  appcArancr  of  ooruning  in  ' 


•oinrwl|||MH| 
ir  lnn>-b]an^a| 


On  Me  TcHORNoi  Zkm  (/KriuiiA.     By  Prof.  Kiikkk 

[Monaubericlil  Akul.  WiMcnich.  Iterlin,  July  IR.%0.  pp.  i(»  H  arf. ; 
fiiiv.  Geocvr,  April  l»5l,  Sc.  Pbri.  p.  SM.] 

Trk  Tdioniui  Zcm  or  Bhick  Earth  of  Central  Httanai,  cov 

tliau  6U,UU0  geographical  stpwre  miles,  and  of  ntmnr 
8np|K)rtiiig  more  than  2(),UU0,()(>()  of  souls,  and  f:iTing 
amnial  exportation  of  about  2U,0U0,U()U  brctolitrrs  [= 


aoc 


*  S<«  Quart.  Joum.  Geol.  Soc  toL  tii.  put  2:  p.  90. 
t  rThu  iiiinerBj  occur*  liio  in  gcodic  minti  ka  Iba 
Korth  Wile*.— ToAWU.] 
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GREWINGK  ON  THE  N.W.  COAST  OF  NORTH   AMERICA.        1  13 

Ijiishcls]  of  cereals, — was  described  by  Sir  II.  I.  Miircliison  in  1842*, 
aiid  was  considered  by  liira  to  be  a  submarine  deposit,  accumulated 
ill  quiet  water,  and  possibly  of  nearly  the  same  age  as  the  Loess  of 
the  lUiinc.  M.  Ehreuberg,  ou  examining  the  Black  Earth  under 
the  microscope,  found  in  it  fi  forms  of  Polygastrica  and  '2'2  of  Phy- 
tolitliaria ;  and  concludes  that  it  is  not  an  aipieous  deiio-sit,  but  rather 
a  soil  foniied  of  the  debris  of  ancient  forests ; — an  origin  hypothcti- 
callv  givenf  to  this  peculiar  formation  by  earlier  obscners, 

[T.  R.  J.J 


Oh  the  Orography  and  Geognosy  of  the  North-Wespt  Coast 
o/N.  America  ami  the  Outlying  Islands.  13y  Dr.  C.  Grew- 
iNGK.  pp.  .'S.'il,  large  8vo.  St.  Petcrsbui^,  1850.  With  5  Maps, 
and  4  Lithographic  Plates  of  Fossils. 

(Beitrag  zur  Kenntniss  ihr  oroghaphischen  «»</ geognosti- 

SCHEN     BeSCHAPFENHEIT    dtT    NORD-WEST-KiJSTE    AmERICAS, 

mit  den  anliegenden  Inseln.     Von  Dr.  C.  Grewingk.) 

In  the  Transactions  of  the  Mineralogienl  Society  of  St.  Petersburg, 
18-47,  pp.  1-J2-1C3,  appeared  sonic  geological  observations  on  Old 
and  New  t  "alifomia,  by  Dr.  Grewingk,  from  commnnieations  and  col- 
lections mode  by  M.  Ilia  Wosnesscnsky.  The  work,  the  title  of  which 
is  above  given,  is  the  result  of  still  richer  conuiiunirntions  from  the 
same,  and  treats  more  esjtecially  of  the  Kussiau-.VnR'ricmi  colonies. 
It  is  divisible  into  two  parts.  In  the  former  we  find  descriptions, 
geographical  and  geological, —  1.  of  tlie  Western  half  of  North  .\nie- 
rica,  between  the  parallel  of  San  Kraneisco  and  the  mouth  of  the 
Stachin  (iVi"  .'{()'),  with  the  ailjacent  islands  ;  '1.  of  the  continent  in 
the  parallel  of  Sitehn  ; — the  peninsulas  Tschugatsk  and  .\Iia.ska,  and 
Kenai  Sounil  (Cook's  Inlet)  ;  3.  the  western  coast  of  North  America 
lying  between  Vf  and  (jy^  hit.,  with  the  neighbouring  islands  ;  -I.  the 
prineijial  islands  adjacent  to  the  .Vliaska  Promontory;  .">.  the  Aleutian 
Isloiidfi ;  and  fi  &  7.  the  outlying  islands. 

The  si'cond  part  of  the  work  contains, —  1.  an  account  of  the  Vol- 
canic phKuoraena  on  the  north-west  coast  of  America  and  in  the 
adjacent  islands,  geographically  arranged  ;  2.  a  chronological  survey 
of  the  same  pha;uomena,  ami  an  account  of  the  generiu  geological 
characters  of  this  region  ;  3.  nn  .Appendix  (No.  I)  relating  to  the 
fossil  reniiiiiis  of  animals  luid  plants  hitherto  found  in  the  .Aleutian 
Islands  and  the  North-west  .American  coast ;  and  4.  Appendix  No.  2, 
in  wliicli  is  given  a  cla.ssified  arrangement  of  the  niateriuls  for  a  history 
of  the  voyages,  travels,  anil  discoveries  iu  the  western  half  of  Nortn 
.Vmerica  and  in  the  neighbuurhig  seas. 

The  volcanic  and  general  geological  characters  of  the  .Aleutian 
Islands  aud  the  N.W.  American  coasl  are  to  a  considerable  extent 
laid  down  ou  the  map  of  the  district  (PI.  II.).     The  author,  how- 

*  Proc.  Geol.  Soc.  vol.  iii.  pp.  712  tt  trq.  \  and  Gcol.  Russia,  vol.  i.  p.  557. 
f  ioc.  eit.  p.  714. 
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ever,  wishes  this  to  be  regarded  merely  •&  «  ikrtcb-ai^i^ — ti 
attempt  at  mapping  the  geoguosy  of  t\m  regioa,  witboat  •■ 
tensions  to  the  acciirntr  detemniiation  of  the  boandariM  of  I 
posits  there  observt-d. 

Appended  to  the  Map  is  a  profile-sketeh  nf  thr  inciiuitaaM 
region  under  notice.     Of  these  Mt.  S.  I  :'W.  loas.,  64 

pH  the  continent  is  tlie  highest,  being  :  .b  ;  in  tnr  A 

Isk'S  the  volcano  Schischaldiu  (Kil'' \\ .  Imtg.,  iti'^  4&  U».) 
highest  elevation  (89.'>.'<') ;  and  iii  Kainschatka  the  loAieat  ts 
schcwskaja  So|)kn  (^>C>'^  -1'  lat.),  being  13876'  high. 

Dilimal  forniatiuus  were  recognized,  by  meaiu  of  their  Mm 
remains,  at  Unalasehka,  tlie  Pribulow  Islandt,  Nortuu  Bav,  Ka 
Sound,  and  the  coa:it  further  north  of  this ;  and  jjidifmtimw  ol 
deposits  were  observed  at  (.'ook't  Inlet  and  on  the  AllMfai 
The  distribution,  liowever,  both  of  allut  iuiu  and  dihlTWa  «■ 
be  correctly  defined  when  the  country  is  belter  known. 

The  Tertiary  formation  is  chiefly  represented  by  the  Bra« 
beds.  These  o<-cur  on  tlie  Pribulow  and  I'ox  Ulanaa,  boUi  eo 
Aliaskn,  Kniljak,  east  coa^t  of  Cook's  Inlet,  Altna  Baj,  Gra 
Little  llodega,  the  mouth  of  the  Sacramento,  and  from  8C  J 
Monterey.  The  fossils  from  the  Aleutian  and  MbAknr  1 
Aliaska,  I'nga,  Kadjak,  and  the  Great  l)od(^  bdaoc  to  oo*  | 
Although  they  are  very  closely  alhed  to  the  nrirtmg  aola 
Beering's  Straits,  anil  in  some  cases  exhibit,  peThap*,  pcrlbBt  il 
(see  Appendix  No.  I),  yet  material  ditferriii  •  UmMa 

the  recent  and  fossil  faunre,  and  the  author  i-  toMcrih 

fossils  to  the  Newest  Tertiary  jieriod.  Ilen-m,  ««y»  he,  we  !■« 
especially  guided  by  the  surprising  siniilnrity  ni'  thr  fottiBm  in 
Tertiary  basiii  of  Beaunort,  near  Huebec,  on  the  St.! 
appear  to  be  very  nearly  allied  to  the  N'ewmt  PhoeetieJ 
land.  Moreover,  the  Kamsehatka  Tertuiry  furmati 
Krman,  will,  perhaps,  after  more  accurate  rvsi'arch, 
analogies  ;  and  herein  we  have  another  proof  tliat  a  yueiri  I 
mitv'  of  (he  nurtliem  fauna,  eorresftonding  to  the  eu*uia|(di|M 
of  animals  in  (be  north,  had  existed  at  early  Mrioda.  ^^M 
points,  also,  to  the  uossibihty  of  the  existence  ot  aualogHsl^H 
with  regard  to  the  Plioci-ue  Tertiary  beds  on  the  nortlMBniH 
the  Caiusastis. 

Jiiniasic  rocks  were  met  with  only  iu  Katmai  Bar.  on  tk 
coast  of  Aliaska. 

Inihcations  of  the  Coal-formation  occur  on  the  Colmabi*  fi 
\'ancouver,  and  Unga ;  aufl  it  is  pmbably  prearot  an  thm  ari 
parts  of  the  east  coast  of  Beering  ;<  Straits,  ■•  abo  m  the  I4 
from  Cape  Thompson  to  Cn|>es  I.i.<buni  and  Bcmfoit. 

The  existence  of  Silurian  n)cks  in  this  Ksiun,  and  that  la  i 
extent,  is  considered  ]>n>bnble ;  but  no  decidetl  etidiiuwa  ««j 
with,  excepting  a  rolletl  fragment  uf  Vatmipora  rtekmivUtt 
Sitcha,  and  indications  of  these  rocks  on  the  north  eottft  at  Bfl 
Straits.  [T.  K, 

•  i.^ell.  Trani.  GeoL  Soc.  roL  «i  pt.  I.  |k  ISS-U». 
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On  Crinoidal  Remains  in  Fi.uor-Spar.     By  A.  L.  Slack. 

[Jahresbericht  natarw.  Verein.  llallc,  1850,  pp.  77-79.] 

Lately,  in  breaking  n  specimen  of  DerlivsUirc  Huor.spar  iu  my  col- 
lection, which  was  rt'nmrkiibte  for  its  irrepiilnrity  of  shape,  1  was 
astonished  at  findinj^  some  cohimn-joints  of  liAoJocrinus  verus,  GolJf. 
As  is  well  known,  there  is  a  very  fine  specimen  of  a  Crinoidal  stem 
enclosed  in  fluor-spar,  also  from  Derliyshire,  in  Werner's  collection 
at  Freil)erg,  and  regarded  of  great  itn[yortance  hy  Werner  and  all 
mineralogists.  InnnediateJy  on  perceiving  the  crinoidal  joints  in  the 
freshly  broken  fragments,  I  felt  the  impossibility  of  assenting  to 
Werner's  explanation  of  the  phoenomenon  ;  and  I  proceed  to  describe 
my  specimen  in  detail,  and  the  more  ao  as  a  third  of  the  sort  is  not 
known  to  exist*. 

The  mass  was  a  footf  long,  and  half  a  foot  wide,  by  three  inches 
liigh.  For  half  its  height  it  consists  of  fluor-spar  crystals  in  cubes 
of  from  three-quarters  to  one  inch  in  size  ;  the  colour  is  dark,  almost 
indigo-blue,  and  translucent ;  the  surface  bluish-grey  and  opuke. 
The  lower  half  is  c<miposed  of  siuall-graiued,  laniinose  fluor-s]iar  of 
the  same  colour,  in  which  arc  enclosed  light- yellowish  and  brownish 
earthy  substances,  fonning  nearly  an  eighth  part  of  the  whole.  The 
lower  face  is  also  covered  with  small  blue  crystals  of  fluor-sjmr,  and 
a  few  scidenohedral  crystals  of  calc-sjuir.  There  is  n  sharp  horizontal 
plane  of  separation  passing  through  the  length  of  the  mass  between 
the  crystalline  linlf  and  the  lower  small-grained  half. 

From  its  shnjie,  the  specimen  broke  into  several  pieces  some  inches 
in  size.  On  the  limits  of  the  granular  and  the  crystalline  tluor-spar, 
and  projecting  into  the  latter,  1  immediately  jierceived  two  sttm-frag- 
mcnts,  which  1  recognised  as  Rhotlocrinus  perut.  The  one  consists 
of  eight  connected  joints,  five  of  which  lie  in  the  one,  and  three  in 
the  other  fragment.  These  circular  joints  have  a  diameter  of  nine 
millimetres,  and  a  variable  thickness  of  one  to  two  millimetres.  The 
slightly  convex  surfaces  of  the  sides  appear  in  the  thicker  joints 
to  be  covered  with  isolated  warts,  at  least  such  a  wart  is  clearly  dis- 
cernible on  the  otherwise  crystalline  laminated  surface.  From  the 
circumstance  of  the  stem-fragments  being  broken  with  the  fracture  of 

*  [Such  s|>eciiiicn«  have  been  met  with  not  unfrequentljrat  Castleton  and  Mat- 
lock, Der))j'5hire. — Transl.  ] 
t  German  measure. 
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the  mass,  the  articulating  surfaces  of  the  joiiita  arr 
visihle,  and  these  are  seen  to  be  covi-rcd  by  a  Hat  coatincaffan 
octirc.  Tlip  rays  do  nut  reach  tu  the  Mutritr<«  caniu,  and  I 
from  the  rirn  only  two  millimi-tre»  in  U-n^h  ;  thnr  arr  tram  V. 
to  seventy  in  number  ;  some  of  tliem,  however,  arr  iplitinMM 
nutritive  cannl  is  obtUM-ly  pentagonal,  and  is  alMi  ftllMl  with  I 
noun  ochre.  Round  about  it,  ns  far  aa  llie  coraoienccaMnl 
rays,  the  articulating  surface  it>  •uuooth.  ConM^acotljr  ikaa 
perfectly  n^ree  with  Rkotlorrinus  rtms,  GoUfuM,  Ub.  60.  C| 

Botli  in  the  nutritive  canal  of  the  broken  ci>luiiui.  ad  htC« 
articulating  surfaces  of  some  of  the  joinUt,  fluor-^par  k  drari] 
nised  as  having  |)cnetrated  into  thow r«vitie«.  lor  joiataUM 
consist  of  calc-spar  of  a  yellowisb-brown  colour,  with  •  ekvlj 
liohedral  structure. 

The  second  stem-fragment  shows  three  very  rr*— 
are  circular  like  the  former,  but  are  only  five  mil 
aiul  are  eijual  in  thickness.     The  denticulnteri  linr  m  cut 
uf  the  joints  is  more  conspicuous  on  the  surfat'ethan  in  i 
from  which  it  does  not  differ  in  other  re<ppct3. 

Tlu-  third  steni-fnigment  lie*  altogether  in  the 
uf  the  mass,  and  wants  oidv  a  part  of  itit  n 
grey -coloured  joints,  of  equal  sue.  coiniecl.  ■ 
sutures;  their  diameter  u  considerably  leaa  than  that 
going. 

A  fourth  fragniciit  consists  of  eight  (tartly 
otherwise  quite  siuular  to  those  of  the  thir<l  fnffamt. 
enclosed  in  the  granular  jiortion  of  the  specimen. 

A  larger  fragment  lying  on  the  l>oundary  of  the  igtwcuaimt  < 
stalline  portions  shows  three  jointit,  similar  to  thoar  Snt  dc 
And  in  the  gramilar  jwrtion,  by  clone  n)i«(rration,  we  i 
small  isolated  joints  more  or  li-**  deeompodcd. 

Fmm  the  above  it  appears  that  the  specimen  dcwrihed! 
nu*tnmor]iliosed  from   Mouutnin  Limestone,  in  which 
fmgments,  by  reason  of  their  iTVstalline  stnu 
the  intluence  of  the  lluorie  acia  ;  and  pre>i 
whilst  the  compact  calcareous  mass  was  90  11m 

the  tluorie  wid  rising  from  below,  thai  it  becna     

stalline  fluor-spar.    The  earthy  material,  nliieh  u  TtjgA 
throughout  the  granidar  tluor-spar,  ap|x'Bn«  to 
and  magnesia  [?  barytes  and  inin]  origmaliv  pfiaam  in  thr  lol 
stone.     The  )>liM*nimienon  apjiears,  thcrrlorr,  to  >giw  with 


calamine  long  aiuee  known. 


(T.l 


On  ReCKNT  NOTICIM  of  the  NtMUVUTK  F 

By  C.  GiKuci.. 

[Jtlirrtherirlit  ilrr  naturw.  Veninn  In  Hailr,  IMO, 

M.  GiKBKL  here  gives  •  siirrry  uf  tlir  rraearehea  : 
and  geological  |M>aitinn  of  thr  Nummnlitr  Bcda, 
JtKn  previous  to  .May,  I.SJO. 
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According  to  Ewald'a  statements,  made  at  the  Meetiug  of  Italian 
Geologists  at  Venice,  the  Numniulitic  Sandstone  covers  the  Maciguo, 
and  both  are  only  different  aspects  of"  the  same  formation  ;  theNum- 
nmlite-limestoiie  generally,  however,  being  divided  into  three  zones. 
Of  these,  the  oldest,  in  Provence,  belongs  to  the  Chalk-fomintion,  and 
contains  glohtdar  Nuramulites.  Tl>e  second,  regarded  as  the  Nuni- 
inulite-forraation  proper,  is  to  be  paralleled  with  the  Eocene  beds,  and 
contains  lenticular  Nummidites.  Lastly,  the  third  ume  overlies  the 
Maeiguo  and  is  of  Miocene  age.  These  general  observations  of  M. 
Ewald  agree  with  tho.se  of  all  otlier  geologists,  at  least  as  regards  the 
localities  where  they  were  made. 

Near  Gmiinden,  on  tlie  Traun,  Zeuschner  found  fossils  in  the  sandy 
Nummulite-rocks  similar  to  those  of  the  Kresseuberg,  which  is  re- 
garded by  Ewald  as  of  the  Numtnulite-fornmtimi  proper  ;  and  Itost- 
horn discovered  in  Istria  a  grey  sandstone,  similar  to  the  Gosau  for- 
mation*, both  resting  upon  and  covered  by  imuimulitic  strata. 

Tallavignes  also  distinguishes  in  the  Corbieres  both  an  Eocene 
Nummuhte-rock,  and  one  belonging  to  the  Chalk  and  resting  on  Ilip- 
]>n  rite-beds.  The  former  he  terms  the  Si/nthne  Iberien,  and  the 
latter  the  Si/gthue  .tliirivien  ;  and  transfers  the  date  of  the  elevation 
of  the  Pyrenees  to  the  period  I)etweeu  the  two.  This  division  into 
an  ante-pjTenaic  and  a  post-pyrenaic  formation  is  accejtted  by  Elie 
de  Beaumont,  without  liis  admitting  the  parallelism  of  contempora- 
neous beds. 

In  the  Asturias  the  Nuunnnlite-rock  lies  on  a  limestone  with  Spa- 
tangi,  belonging  to  the  chalk-formation,  which  contains  mistaken 
Orbitulitet,  according  to  Vcrneuil,  who  met  with  uumnmlitic  beds 
only  where  other  eocene  strata  are  wanting  above  the  Chalk,  and  who 
rejects,  as  unfounded,  the  statements  of  Pilla,  Cntullo,  and  Pasiui, 
respecting  the  co-occurrence  of  Ilippurites  and  Nunimulites. 

Near  Tcschen  [Silesia],  Ilohenegger  collected  Nunuuulites,  distin- 
guished by  an  njjen  spire,  in  beds  characterized  by  NeoconTian  Am- 
monites, Ilatnites,  and  Scaphites  ;  according  to  which,  as  Ewald 
observes,  the  Nummuhtes  of  the  Carpaliiians  are  apparently  still  older. 
The  peculiar  Nurumulites  in  question  do  not,  however,  permit  of  an 
identification  of  the  beds  to  which  they  belong  with  other  [true] 
immnndttic  rocks,  but  they  will  share  the  fate  of  Morton's  .Vlabania 
Nunimulites,  which  D'Orbigiiv  has  placed  in  the  genus  Orhitoiiles, 
and  the  geological  relations  of  wliich  have  beeji  rej)orted  upon  by 
Lyell. 

Researches  on  the  structure  of  the  strata  at  Karst,  near  Trieste, 
gave  Kaisert  an  insight  into  the  fact  that  the  numniulitic  beds  had 
been  deposited  at  an  earhcr  period  than  the  local  sandstone,  and 
that  the  latter  had  been  developed  gradually  at  the  expense  of  the 
former. 


*  [Compare  Von  llauer's  o1>servatioii!>  on  thi'  aliuncc  uf  true  NHmmulilei,  and 
the  presence  of  Ortilulitet  {Orbitoidrt)  in  )>c(ls  of  tlic  Gosaii  formation,  Quart. 
Journ.  Geol.  Soc.  vol.  vii.  Hart  2.  (Miseell.),  p.  85  rt  ifij. — Tbansi..] 

t  [Sre  F.  Kaiier  "  Ou  the  Geoiog)'  of  the  Vicinity  of  Trieste,"  loe.  cil.  p.  35  e/ 
tej. — Thansl.] 
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Ehrlich,  on  account  of  the  preseuee  of  very  cb«ncteriMJe  < 

ascribes  nn  eocene  age  to  the  uuminuliliferous  i      ' 
not  far  from  Salzburg. 

The  nummulite-beds  of  Switzerland  hsTe  been  i 
ner  and  Kutimcyer ;  those  in  the  Basin  of  the  Giroiiide  bjr 
and  very  valuable  general  remarks  un  tltis  Foraatioa  F 
plied  by  Bout'  aud  Murchiuon.  fT. 


On  Gebman  Tebtiary  Formations.     Bj  P. 

[Leonhtrd  u.  Bronn't  Jthrbuch  f.  Min.  lu-i 

Tkrtkry  formations  of  the  age  of  the  ^taTtnet '. 

distributed  in  Germany.    That  the  Brown-coal  f 

wald  an<l  the  Lower  Rhine,  as   also   that  of  Um  Va 

long  to  this  period  is  easily  proved  by  their  foMil 

With  regard  to  their  Vertcbrata,  von  Meyer  long  nace 

necessary  j)roof.     Moreover  the  Brown-coal  fonnaUoo«  of 

in  Upper  Bavaria  contain  Cyrma  mbarata,  Brunn,  t'rritkium 

ritareum,  and  other  characteristic  forms  of  the  Mayrnnr  I)«iiB.   tV 

Vertebrata  of  the  Molasse  of  Switzerland  agree  aUo  with  tboee  «f  tkl 

last  deposit,  and  in  resjiect  to  North  Bohemia,  the  i 

von  Meyer  and  Reiiss*  affords  also  a  similar  result.     Tti^l 

Basin  is  moreover  the  typ«'  of  a  whole  series  of  Mch 

the  Loudon  Baiiiu  with  res|M.-ct  to  the  old-tertiarj  days  of  Ute 

pbuu.  (T.  B.  J.] 


On  an  Extensivk  Rock-formation  of  SiLircors  Poli 
from  the  N'icobar  Islands.     By  Prof.  KaRKKBSsn. 


[UerliD.  MooiUbcricbt.  itt5U,p.  ^^k-^^%.    Uonhanl  ■.  Bran'i  JakA. 

u.>.w.  ltt5U,  p.  HI.] 

IIiTiiKRTo  Barbadoes  only  has  afforded  rorlcs  with  Vvlyrjtaa^ 
The  Nicobar  Islands  lie  in  nearly  an  npial  latitoik  with  iUMlialkl 
East,  instead  of  the  West  Indies,  They  coiidiat  of  •jcaitie  waA  ■*< 
pentinous  porphvry  or  gabbro-rook  with  pynt«*,  bat  willHMI  flif 
recent  volcanic  ejectments,  on  which,  to  the  height  of  90OO',  Mm  dlf^ 
marls,  and  calcareous  sandstones  rich  in  I'oJtftyttima.  tWe  MUM 
has  already  obtained  from  hence  UM  specie*,  wtiirk  are  p«itlv  Um- 
tical  with  the  '.WO  spe<nf»  from  Barhadt>e«.  The  island*  C'*r  ifi  * — 
and  CVimarta  are  especially  remarkable  in  this  rr»|irrt,  anil  oa  \ 
exist*  a  hill  'MH.I'  high,  throughout  which  the  1^.1  ^ .» •'ii^<larv  < 
A  liglil  meerschaum-like  ebiv  and  shale  (tn|Mili  ^-  ahalr)  I 

there  and  at  other  places  is  composed  neatU  ajM<;i^il)rr 
b<Hlie«  mixed  with  many  S[>ongohtbe9.  TheM*  rlay^  are 
traversed  bv  ligtiitiferuus  de^iosits  and  by  lyniilic  gratcla. 

[T. 

•  rateooiognpUea,  U.  1. 
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On  the  Internal  Structure  q/" Mountains.     By  B.  Cotta. 

[Leonbard  u.  Broon'a  Jahrb.  f.  Min.  aj.w.  18S1,  p.  181-2.] 

In  a  letter  to  Dr.  K.  C.  v.  Leonhard,  tlie  author  states  that  in  a  short 
memoir  on  the  Internal  Strueture  of  Monntains,  lately  published  at 
Freiberg,  he  has  attempted  the  jiliysiology,  as  it  were,  of  iiuumtains, 
in  showing  the  different  phases  of  their  formation  and  destruction. 
Tlie  cjiief  results  arrived  at  are — 

1.  The  momitains  did  not  suddenly  arise,  but  were  formed  by 
degree.s,  sometimes  during  very  long  periods  of  time. 

2.  For  their  position  and  direction  there  are  as  yet  no  general  laws 
positively  known. 

3.  All  true  momitains  are  results  of  elevatory  volcanic  (plutonic) 
action. 

4.  The  m.ijority.  however,  in  their  present  form  are  at  the  same 
time  the  result  of  a  later  destructive  process  (the  action  of  water)  in 
very  imc((ual  degrees. 

5.  The  mountain-elevations  are  to  be  distinguished  as  local  from 
the  continental  elevations  of  great  tracts  of  land,  which  latter  may  be 
hare  swellings,  unless  eruptive  rocks  find  a  local  vent. 

6.  llorizontal  forms  of  the  mountains  correspond  in  some  degree 
to  the  grouping  of  the  volcanos, — the  single  monntaiii-masses  {Matten- 
Geliirffe)  to  the  centra!  volcanos  (Vulkan-Gnippen),  the  mountain- 
chains  to  the  lines  of  volcanos  (Vulkan-Reiken). 

7.  Of  the  origin  of  monntains  the  author  distinguishes  three  prin- 
cipal kinds,  and  very  many  forms  of  combination,  and  stages  of  deve- 
lopment and  destruction.     The  three  kinds  of  origin  are  : — 

a.  By  the  tflltix  and  sujwrtieial  accumulation  of  eruptive  rocks; — 

volcanic  mountains. 

b.  By  the  elevation  of  existing  hard  portions  of  the  earth's  crust, 

caused  by   eruptive   rocks   penetrating   upwards ; — plutonic 
moimtains. 

c.  By  lateral  pressure,  and,  in  consequence  thereof,  the  folding  of 

existing  iiard  portions  of  the  earth's  enist. 

8.  Several  of  these  kinds  of  development,  however,  sometimes  occur 
in  combination  with  one  another. 

1).  The  niouiilaina  originating  in  the  elevation  of  the  existing  hard 
portions  of  the  earth's  crust,  owing  to  the  upward  pressure  and  pe- 
netration of  eruptive  masses,  exhibit  the  most  manifold  diversity  of 
stages  of  destruction,  whereby  they  fall  into  mountains  with  folded 
strata  [Falten-Gebirge],  crystalline  slate  mountains,  and  central  niaaa 
mountains  of  upper,  middle,  and  lower  section. 

10.  The  mountains  with  folded  strata  of  this  sort,  however,  are  not 
always  distinguishahle  from  those  originating  in  lateral  pressure. 

1  ] ,  Uf  especial  importance  in  judging  of  the  relative  age  of  the 
tnunntaina, — besides  the  distinction  of  elevated  and  non-elevated  beds 
brought  forward  by  E.  de  Ueamnont, — is  the  fixing  of  the  mountain- 
chains  as  lines  of  separation  between  deposits  during  determined  pe- 
riods ; — recognizable  by  dissimilar  characters  in  the  scries  of  sedi- 
mentary formations  on  two  or  more  sides. 
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12.  The  volcanic  inounuius  are  ilMtiiiguishnl  fron  the  < 
consolidnted  within  the  earth,  both  liy  their  fxtrnuil  form  ww  bjr  tkar 
niiiieralogicnl  conditions.  The  lirit  lonii  supcrtiriol,  the  ittima  tiwm 
subterranean  cones  of  eruption.  The  srctiuu  uf  tbete  laat  i  lUkili 
(for  exam])le)  the  so  frequently  referred  tu  j.iiiiiiti  illi|Mniih  Bedk, 
however,  fill  up  also  narrower  fissures,  iu  wliich  ther  are  tl»ea  Bialljr 
crviitalLized  souiewliat  otherwise  than  iu  the  Kremt  princiml  auMea. 

[T.  B.  i.} 


On  aome  Fossi ls ^om  the  LowbrCbalk  Fobmatiom  4^tiir  Cavk 
OF  Guoo  Hope.     By  Prof.  Dr.  P.  Kracss. 

[Nova  Acta  Acad.  C.  L.  C.  Nat.  Car.  vol.  utL  part  2.  IMA,  pp. 

In  April    1839    the   author    made   nu   rxcunion    from 

wiiich   lies  near  the  Kattir  Jwundary  and  only  a  (rm 

Algoa  Bay,  along  tlie  left  bauk  of  the  Zwartkopi  liitrr,  m  tn  a>  itej 

tnuuth,  and  met  with  fine  sections  uf  foosihfrrous  ftrata, 

belonging  to  the  Lower  Greensand. 

In  a  couniiiinicntion  made  by  Dr.  Krau-ts  iu  IHI'i  to  die 
of  Gcnnan  Naturalists  and  Physicians  at  .Mayeiicc*,  lie 
lion  of  this  formation,  and  exhibited  the  fossils  foujvtl  in  it  , 
this  nienioirt  he  now  Kives  detailed  de««.'nptioiii  ot  the 
trated  by  four  quarto  lithogra|)hed  plates. 

The  occurrence  of  this  forniatiou,  says  the  author,  b  to  narb  the 
more  remarkable,  as  along  the  whole  irf^boanl  from  Tabic  B«yt  (• 
Algoa  Bay,  nearly  through  eight  degrees  of  longitude,  wmbere  doa 
n  trace  of  it  occur.  I  have  crossed  this  tract  of  thr  cotaC  M  bra* 
Karrrx)  in  all  directions,  and  always  found  on  the  beighuof  i 
sandstone,  in  the  valleys  and  plains  of  rlav-^Ute  or 
rare  beds  of  a  sandstone-eonglomerate  or  intnisivr  (7»aiU>.  E««b  •■ 
the  Zwartkops  River  Heights,  near  Uitenhagr,  the  prrrwac ke  occucv 
and  on  the  neighbouriug  Van  Stadeidierg  the  umiLitanc. 

In  descending,  however,  the  bed  of  the  abuve-mratioDrd  rirvr,  Vt 
an-  soon  struck  by  a  vegetation  remarkablv  ditTrreut  frnai  that  of  dtt 
other  districts,  and  still  uiure  a.«touished  by  the  beds  at  coloMil 
Triyonitr,  perfect  specimens  of  which,  wwhctl  out  by  tbe  water,  b 
expo.Hed  in  many  places. 

.\s  lar  as  I  could  examine  the  extent  of  this  baaia,  I  iamai  «  to 
reach  from  the  salt-lakes  between  Uilenhagv  and  IVirt  Hiiahtdu 
along  the  Zwartko|>8  Ilivcr  below  ritrnbaf^,  and  pvllT  oo  tbr  Kot^i 
Iliver.  as  far  as  the  Zoudag  [Sunday]  River  §,  in  a  dmk  at  savoil 
leaa;ucs. 

About  one  and  a  half  Ira^ir  below  Uitmhagv  I  fcond  doK  to  tkr 
leA  bank  of  Zwartkops  Kiver  a  very  fine  section  of  a  mmmmt  Gra*. 


•  \iiiil.  Uerichi,  p.  126.  t  CaoMMaiMtod to  ite  A«afaBT ia  Afril  IM7. 

X  Sm-  Map  uf  (be  C«(>r  Colony,  srcntnpnrHnK  Mr  Baia'W  I*i|aa  aalkvCki»> 
logy  of  tlir  Albany  I>i>triil.  Traui.  (  '  ■'!.  3. 

}  Tlioc  three  ntt'n,  ruiiiiiiig  |NUu  rftvaiN.V. •■S.CiBMin 

ibeiiiM-lvei  Into  .M(<ia  IU).     SiiimUx    Kix-i   i.  \u-  hmki  MMcfly, •■ 
Kt\rr,  uti  mIiu-Ii  t'lletilmftr  u  iiitualrd,  t>  tlir  iiiokt  «rktfftt^. 
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sandatone,  20-24  feet*  in  thickness,  on  the  horizontal  beds  of  whirh 
lay  Hu  uiidulntiiig  bed  of  gravel  of  variegated  sandstone  from  f>  to  7 
feet  thick.  Here,  and  esjiecialiy  in  the  bed  of  the  river,  occurred 
LyrodoH  fJerioffii  and  L.  coiiocardiifonais  in  such  {)erfectiou  as  I 
have  nowhere  else  seen,  and  in  so  great  profusion  (hat  some  beds 
were  nearly  altogether  composed  of  these  shells.  This  formation, 
however,  has  a  still  more  extensive  development  lower  down  tlie  river, 
iu  the  nciglibourhood  of  11.  Buckenrodcr's  residence. 

A  stratum,  -1  feet  thick,  which   e8f)ecially  contains  both  species 
of  Ltjrodon,  but  mostly  in  a  worn  and  imperfect  condition,  here  also 
forms  the  ba.se  ;  and  resting  on  it  in  the  tollowing  order  are  :— 
Hard  Greensandstone,  coloured  by  its  contained  iron,  fos-  feet.  in. 

silifcrons  in  its  lowermost  beds,  about 60     0 

Weathered  Greensandstone 10     0 

Hard,  altemaliuj;  in  tliin  beds  with  weathered,  Green- 

sandstone 6     0 

Greensandstone,  coloured  by  iron  and  fossiliferous 1^0 

Weathered  OrcensRiid.stone 15     0 

Hard  Greensandstoiu',  but  without  fossils I     4 

Hard  ferruginous  Greensandstone,  very  rich  in  fossils, 
among  which  Axtarte  llerzoijii,  Exogyra  imbricnta, 
ytjiop/omi/a  tutrnha,  and  Lyrodon  ventrieostia  are  par- 
ticularly abundant    1     6 

Loam  aud  weathered  rock ,.     12     0 

Gravel  of  variegated  sandstone,  for  tlie  most  part  ce- 
mented into  a  loose   conglomerate   by  newer  marine 

limestone  .  .    6  to  .30     0 

The  stone  of  the  lower  fossiliferous  beds  is  tolerably  hard,  greyish, 
sometimes  greenish,  very  rich  in  fragments  of  shells,  all  of  whicli,  as 
well  as  the  jierfect  shells,  are  changed  into  calc-spar,  or,  if  the  rock 
be  loose  and  crumbly,  they  are  white,  and  as  it  were  calcined.  In 
these  beds  we  find  Li/rodoii  Ilt'r:oi/ii,  L.  conocardiiforniis,  L.  rentri- 
romis,  a  Mytiliit  with  a  sharp  keel  running  from  the  umbo  to  the 
hinder  extremity  and  a  truncated  flat  surface  from  this  keel  to  the 
ventral  border,  a  I'iiina,  two  species  of  Oifreti,  one  of  which  is 
strongly  rihijcd,  the  other  smooth  and  laminated,  aud  some  other 
smaller  undetermined  bivalves. 

The  stone  of  the  u])i)er  fossiliferous  beds  is  hard,  coloured  reddish- 
grey  by  oxide  of  iron,  and  likewise  rich  in  shell-fragments,  which, 
together  with  the  perfect  shells,  have  usually  a  red-brown  colour. 
In  these  beds  occur  Astarte  Ilerzoffii,  A.  lironnii,  Anoploniyn  lu- 
trurin,  Edtigyra  imhrirata,  Lyrodon  reittriroswi,  Ciirtdleea  caneellata, 
Gerrillia  deiilatu,  a  Natical,  and  some  undetermined  bivalves. 

A  rock  somewhat  different  from  those  just  described  occurs  in  the 
neighbourhood  of  the  Salt-lakes,  one  of  which  lies  between  the 
Zvvartkops  and  the  Koega  Rivers,  at  about  l.'jO  feet  above  the  sea, 
the  other  Ix-tween  Uitenhage  and  Port  Elizabeth,  at  about  30  to 
40  feet  above  the  sea.  This  rock  is  very  small  in  quantity,  at  the 
latter   place   only   3   to  4  inches  thick,    dirty   grey,    quartzy   and 

*  Gennau  lueasurements  are  retained  iu  this  traoslatioD. 
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nail,  motUy  Cfodwd  tMk, 


therefore  hard,  and  extremely  rich 

which  have  usually  the  appearance  ot  tiRTing  Wto  alOBML 
fossils,  as  far  as  their  coiulitioii  allows  of  detCTwinirion,  an : 
Molluscs,  DeiitaliiniL,  Turritflla,  Ottrea,  Xuevla,  and 
small  jiff  arte ;  of  Echino<lcnn«,  a  Ciilarilet,  of  which, 
found  only  one  spine,  covered  with  small  granalatkHU.  €kt 
fossiliferous  )>eds,  as  on  the  Zwartkops  River,  lies  a  light,  fiiaUr,  pvj 
sandstone,  20  feet  thick,  in  which  thrrr  are  not  anr  faifli^  m- 
ternating  with  beds  (one  foot  thick)  of  a  rrddish-gn-T.  raChcr  b(a»j 
rock,  frei{uently  dividing  into  nodules,  that  I  tiMik  for  ^plunwMiinte. 
Of  the  great  Ammonites  and  remarkable  Elamitra,  BwntintJ  hj 
Hausmatni  *,  I  have  nowhere  found  a  trace ;  pcrhapi  thej  occar  ■ 
the  neighbourhood  of  the  Zondag  River.  ThU  formatiaii  docs  act 
appear  to  extend  further  to  the  east  uf  this  river,  since  llir  hills  is  thr 
vicinity  have  altogether  the  form  of  the  other  Mttdstoae  biBa  ol  tl* 
colony,  and  the  high  ground  between  the  Zwartkops  aad  Uw  Km^ 
Rivers,  the  Tweekup|H<n,  is  really  occupied,  as  I  hmn  coatroMed  mf" 
self,  by  the  usual  quartzose  variegated  -lahd^toBe. 

In  describing  this  peculiar  district  I  mu«t  allude  lo  tb*  bet,  tirnt 
on  the  Grass  Ruggens,  near  the  Zondag  River,  is  the  Scf 
[Shell-pit],  already  referred  to  by  llausniann  and  br  mjrielf 
yence  ;  here,  under  a  bed  of  white  marine  limMtaor,  tcucitf 
foot  thick,  is  a  deposit  of  innumerable  ( h  ifrr  ihiilli.  whidi  tW  c^ 
lonists  use  for  limc-buming  :  and  also  to  the  exHtmce  OB  tk«  rif^ 
bank  of  the  Koega  River,  about  four  Icngucs  from  fitrnh^^i.  w  • 
remarkably  carbonated  chalybeate  upring,  of  31''  C,  a  ilrtaiiwi  aooaac 
of  which  i  gave  in  Leouhard  and  oruuu's  Jahrb.  f.  Mia.  fte,  IMJk 
p.  Kil. 

A  description  fulhiws  of  uinc  specie*  of  Mollusc*.  TW  am  f^m 
Anoplumya  is  described  as  having  the  form  of  a  iMtrmria,  hit 
without  hinge-teeth  ;  it  is  grouped  with  the  Myatva,  and  tfaas  cb^ 
racterizeil : — 

Te^ta  tran*m-sa,  intrqiii/aterah*,  tr^miraJrii,  Aunt*.  Ara/«*Batf. 
Maryo  cardiiialit  trMuis  (n««  callotuM),  biplitatus,   intrr 
umbotietquf  fotrolatut.      Vmbutte*   a   mmrgine   earditMli 
Liffamentum  rxtrruum. 

The  author  gives  figurea  of  the  following : — 
.  (p.  t.jTodoa  il( 


I 


Anoploraya  lutrarit,  nor.  gen. 
AsUrte  Her"""'    '"••n», 
CjMiiaru  llmum. 

Attartr  Druiiuii,  ii.  ip. 
Cucullca  caucdUta,  n.  ip. 


CcrvilUa 

Rugyn  taibriaia.a.  i^ 


*  08tt<u.  fddirf 
an  Aminoiule(;An. 
p.  Sr),  near  fira-n 
monilft  inil  .^ 
fo»il>),  fr»ni 


1x3;.  p.  Ilt9.    [Mr.  tUia 
m  Mim  on  ihr  Miwaalt  of  lb« 
\  N  u     ..I  I  .-.ntitgr. 

rr  *pnimtl 
Kno',  wfMf 


ibr  Grulu^irAl  ^>ciet>  u(  Luiitluu  Ity  Uf.  AtherKoafc 
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^H^B                                                     TO  THE 
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Caspian,  changes  uf  level  in  ilie,  iiotit-ed, 

Congleton,  Mr.  Triuimer  on  the  erratic           ^^^^| 

Ixx. 

tertiaries  at,  203.                                          ^^^H 

Casts  of  footprints,  Mr.  S.  H.  Beckles 

Conifem.-  of  the  coal,  noticed,  xli.                     ^^^^ 

on,  117. 

of  the  Wealden,  noticed,  xl.                      ^^^^| 

of  rain-pritits,  SirC.  Lyclloii.239. 

Connecticut,  the  fossil  bird-  and  reptile-           ^^^^| 

Catullo,   Prof.   T.  A.   on   the  epiulitic 

tracks  of,  nnticeil,                                            ^^^^| 

rocks  of  the  Venetian  Alps,  66. 

Contorted  strata  of  Cn>mer  ClilT,  Mr.            ^^^H 

Cavern  remains,  noticed,  bux. 

Trimmer  on  the,  22,  28.                                 ^^^^| 

of  South  America,  noticed, 

Coprolices  of  birds,  noticed,  Ixi.                         ^^^^| 

Ixxi. 

in  Silurian  limestone,  Mr.  Salter            ^^^^| 

Celestins,  rock  and  springs  of  the,  78. 

on  the  ilisi'ovi'ry  of,  267.                              ^^^^| 

Cotraciunt  sharks,  noticed,  iii. 

, ,  noticed,                                           ^^^^| 

1          Ceracea,  fossil,  noticed,  Ixvi. 

Corals,  Mr.  Lonsdale  on  some  green-           ^^^H 

^L     Chalk,  Mr.  Trinnner  on  the  sand-pipes 

^^H 

^P         fif  the,  23 ;  on  the  soils  covering  tlic. 

Ciirncoekle  Muir,  Sir  R.  1.  Murchison            ^^^^| 

r    31. 

on  the  red  samtsione  of,  163.                         ^^^^| 

,  Pterwlactylesofthe,  nolice<i.lxiii. 

Cornwall  and  Devon,  superlicial  depo-            ^^^^| 

,  Tubicinells  of  the,  noticed,  Ixvii. 

on  the  i-oasts  of,  121.                               ^^^^| 

Changes  during  the  Pleistocene  period. 

Crag,  Norwich,  Mr.  Austen  on  the  age           ^^^^| 

Mr.  Austen  on  the,  118. 

of                                                                 ^^H 

Channel,  Enelisb,  Mr.  Austen  on  the. 

Craghcad  limestone.  Sir  R.  I.  Murchi-           ^^^H 

118. 

son  on          145.                                              ^^^^H 

Islands,  Mr.  Aintcii  ou  the  plci- 

,  fossils  of  the,  170.                                  ^^H 

stocene  deposits  of  the,  I'M,  I.'ll. 

CromerCliir,Mr.Trimmeronthe,  23,2i);            ^^^H 

Cheshire,  Mr.  Triniincr  on  the  erratics 

Mr.  Austen  on  the,  133.                                 ^^^^| 

of,  -Ml. 

Cri/ptomerilfi }  iliearicaliu,  190.                             ^H 

Choristnpetaluni  impar,  Mr.  Lonsdale 

Cuddystone  Glen  conglomerates,  fossils             ^^^H 

on.  1 13. 

^^H 

CJacton  Iieda,  Mr.  Trimmer  on  the,  33. 

Cussetl,  Dchists  and  porphyries  at,  nn-           ^^^H 

Claphain.   outlier   of    plastic    clay   at. 

ticed  by  Sir  R.  1.  Murchison,  U,  76.           ^^H 

372.  ai>8. 

Cyathcites  obiusifolius,  188.                            ^^^H 

Clausen  and  Lund  nn  ihe  hone-caves  of 

Cvathophora?  elegans,   Mr.  Lonsdale           ^^^^H 

Brazil,  i]«>tii'ed,  Uxi. 

^^H 

Cle^honi,  Mr.  J.,  on  the  Till  of  Caith- 

Cycads, fossil,  of  Yorkshire,  Mr.  Bun-            ^^^H 

ness,  SOU. 

bury  on          193.                                              ^^H 

Coal-funtiation,  the   conifcra  of  the. 

Cj/ma                                                                ^^^^1 

noticed,  xli. 

Cimninyhamii.  112.                                      ^^^^| 

,  the  freshwater  shells  of  the,  no- 

——  Jumesonii,  111.                                             ^^^^H 

ticed,  liv. 

ifaeeuHochii,  112.                                      ^^^H 

,  the  insects  of  the,  noticed,  Iv. 

Dana,  Mr.,  on  the  coprolites  of  birds,           ^^^^| 

^—     ,  the  plants  of  the,  noticed,  xl. 

^^^^1 

^H   ,  the  reptiles  of  the,  noticed,  Ivi. 

Darwin,   Mr.,  on  sea-shore  footprints,           ^^^H 

^r    • *>f  tl'S  Pennsylvanian,  no- 

^^^^1 

'              ticed.  Ivii. 

Dawes,  Mr.  J.  S.,  further  remarks  upon           ^^^^| 

Coal-measnret,  the  origin  of  the,  no- 

the  Calamite,  196.                                           ^^^H 

^m         ticed,  xlii. 

Dawson,  .Mr.  J.  V!.,  on  the  occurrence           ^^^^| 

^1    Coal-mines  near  Erzeroom,  notire   of 

of  itprightCalamites  near  Pictuu,  194.            ^^^H 

K       the,  65. 

Deane,  Dr.,  on  foMi,il  bird-tracks,  no-            ^^^^H 

^B  Coasts  of  the  English  Channel,  super- 

^^^^1 

^V       ficial  accuiuuhitinuB  of  the,  1 18. 

Deccan,  Col.  Sykes  and  Sir  P.  Rgerton           ^^^| 

'          Cochliwhu,  iji.,  266. 

on  a  fossil  lis'b  from  the,  273.                        ^^^1 

Coleoptera  of  the  coal-formation,  no- 

Delesse, Prof.,  on  the  porphyry  of  Bel-            ^^^^| 

ticed,  Iv. 

gium,  6;  on  the  rusc-coloured  sye-            ^^^^^ 

of  the  lias,  noticed,  Wiii. 

of  Egypt,  9.                                              ^^^H 

Combe-rock,  Sir  R.  1.   Miirchison  on 

Denudation  uf  the  central  region  of  the           ^^^H 

the,  362,  363. 

Weald,  350.                                                  ^^H 

Conilnistible  substance,  notice  of  the 

Didelpbys  Culchestcri,  noticed,  Ixix.               ^^^H 

discovery  of  a  new.  66. 

DiptoyrapHua  bullattix,  174.                                   ^^^^H 

Comparison  of  the  zoological  and  liuia- 

Diprion  foliaceus,  64.                                          ^^^^^ 

nicat   characters  of  different   genlu- 

folium,  63.                                                  ^^^B 

eical  iH-rinds,  noticed,  Ixviii. 

' nodoimt,  63.                                                ^^^^| 
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^^^^H           DifirUm  pemaliu,  6i. 

376;  Sa  R.  L  M     ilT        ••  iW. 

^^^^^H             rectangulam,  C3. 

365. 

^^^^^P              Distriliutioii    of  Uie  flint-4rin   of  the 

^^^^^H                  South-east    of    EtigUnil,    Sir    R.    1. 

the  S.E.  nf  EaiiMd.  lIcAaKaaa 

^^^^^H                   Murchiion  ou  the.  349;  in  Harop- 

the,  l«l. 

^^^^H                          and  Siiuex,  35). 

Eliio,  Caplaia  L.  IWAmUm  «•  (to 
ijoalder-dajr  tf.  fHL 

^^^^V              Donations  to  the  Socieiv  from  Feb.  15, 

^^^1                     I85U.  to  Feb.  31.  ]»5\.  siii;  from 

Eoglaad,  8oiab«Ml  aft  Mr.  Till 

^^F^                     July  1,  t85U,  to  Oct.  31.  1H5I>,  85  : 

on  pleiaioonw  dnaoB  is  Ike  Ml 

^^M                          from  Nov.  1.  IHSU,  lu  Dec.  31,  IIUO, 

^H                            137;  from  Jan.   1,  1851.  tu  March 

drift  at.  H». 

^H                           31,  1851.  i:>:\;  from  April  1,  IM5I. 

.  South  «r.  Ur.  Awua  ••  |Wiai 
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cene  chaagaa  m  th«,  1  Ift. 

^^H                      O'Urbigny,  M.  A.,  on  the  dnctrine  of 

^^H                          auccetiivc     de^xlopment,     noticed. 

^^H 

ootb^tf. 

^^1                      Dover,  the  flint-drift  at,  3S4. 

E|iiomfe  nck>  ol  tte  ToMttaa  Alfa. 

^^H                      Drift  at  BarcoDibr,  Mr.  Auiten  on  the, 

Prat  CMdls  OB  t^  M.                 ^J 

^^1                            288;    Sir  R.  1.   Miirchiwn   on    the. 

,  hmcr.  O.                        ^1 

^^H                           355 ;  at  Brighton.  Mr.  PreUwich  on 

Kiioiacla.  foa^tito  Mk*  of  A>e«^| 

^B                          the,  877 :  ,  Mi.  B.  A.  C.  Aiutcn 

^^B                           on  the,  126 ;  ,  Sir  R.  1.  Murchi- 

w.                                    ^B 

^^1                            ion  on  the,  STiS;  at  Dover,  Sir  U.  1. 

BimmtmmCmiirtmt.tm.                  ' 

^^B                            MurchiMin   on  the,  384  ;   at   Polke- 

tatml«,IMl- 

^^H                            atone.  .Mr.  Mackie  on  the.  361 ; , 

^^B                            Sir  R.  1.  MurvhiMin  un  tlu',  385 ;  at 

on  thi                      aiuita.  Ur.  Biciln 

^^H                            Linktfield,   Captain    llrickendeu    on 

OB  thr.  .1                lokm,  Mr.  Tn» 

^^1                            tbi-,38y ;  at  Sangiitle  ClilT.  Mr.  Pmi- 

iDcr  OB  iha.  Jul  t  bT  WwMI.  Mt 

^^H                            Mich  on  the, 374 ; ,  SirR.  I.Mur- 

Trima«raalta.l».    A««telMt 

^^M                           chison  on   the,  .'188;  at  Virhy.  Sir 

B(mite.d».T«.te 

^^H                          R.  1.  Murchiiiononthe,77!  Nortbem, 

ft ,11 ,    j^  1     ■»■                ■     mm 

^^H                            Mr.  Trimmer  un  the,  lU;  of  Canada. 

Baiuary  dbob  ok  BWiffi,  Pib£  &  NHV 

^^H                            Dr.  Uitrsby  on  the,  ^15  :  of  Cheshire, 

on  the.  107. 

^^H                            Mr.  Trimmer  on  the,  3Ul ;  of  (iuiUI- 

of  SkjTB.  IVot  E-  PMiaia 

^^H                            ford  Valley,  Mr.  Aunlcn  on  the,  378 ; 

tb«  ooUtk.  104. 

^^1                            of  Norfolk.  Mr.  Trimnirr  on  the.  19 ; 

EuropcBB  teaa  aad  flora.  «t  «nMK 

^^H                              of  the   North    Uowna,  373;  on  the 

ootiMd.  Uxi«. 

^^1                            Southern  Sln)H'  of  ihr  Suiilh  Uownt, 

Faluna  of  Tomte*.  Ike  mmmiam  4 

^H                            3<i3;  on  the  Weald  clay,  380.     Set 

the,  BoUna,  Uii. 

^^H                            alto  lloidder-clay.Erratia,  FUul-drifl. 

Fkuna  aad  fcrB  irf  twnfa.  ll«  «>4 

^^U                          Oravel-beds,  &c. 

the  exktiaf ,  BBttoiJ.  teal*. 

,  the  8Uii)4aa.  uaHtmt.  B. 

^H                          Britiih  and  Foreign,  SHU;   of 

.  Um  SoMilk  Ammitmm  mtmjL 

^^1                            Uie  Wealden.  387. 

Ba(iMd.tutt. 

^^H                       Druinmuck  shales,  fouilt  of  the,  173. 

^^1                       Duboii  de  Montp<^ieui.  M.  F..   aotire 

tie^lMjaL 

^^1                          o&  xzTii. 

Pam.  JLtmOm  iHliiii,  i    kaite  rf 

^^H                      Dumfriesahire,  Mr.   Ilarknea  on   ibe 

PwjiXt.  imitBl.  tatt. 

^^1                          Grsptolitn  of,  58;  oa  Uw  Saariaa 

ten»  tt  the  ca^-tmrnntm,  aaMiA 

^H                          Rocka  of,  46. 

tUB.                                               1 

^^H                      ,  Sir  R.  1.  Murchiion  <w  th*  nd 

^^H                           lauditone  of.  163;   on  lb«  ftllMliW 

Kah.««Md«iM,.a(k.tf.H.             ■ 

^H                           nickt        I5il. 

,  foaatt.  ttm  Ite  n      II.  la^^ 

^^H                        Uunker,  Dr.,  ou  the  piilmoniftnr  of  the 

373. 

^^^^^^^v                                              »»t»ti»»t»,   uutiw^Cf   (■III*   L&Tl  «    UO    tllF 

^^^B                           Wealden  of  (iemiany,  noticed,  xlii. 

ticed.hr. 

^^H                      BarUujaake  at  Bniua.  IV. 

— .  — .  »#  *•  sa«iBk  Mk  m 

Salter  OB  tkc^  MI  i  aaU>«4.br 

^^H                    Bs7pt>  M.  IMmm  OB  the  iMe-oolouml 

^^^                   %y^tiQl.9. 

^^^^^              Blciibanl-bed  of  Brighton,  Mr.  Autten 
^^^^H                UO  tbe,  130;  .Mr.  Preatwich  ou  tite. 

Uo«w  •art>wil.  WOk    " 

of  HMtyaMn  ^  tMo.  SI 
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FUnl^irt.    See  aJto  Drift,  Erratics,  &c. 

Flora,  the  carboniferous,  noticed,  xl ; 
the  cretaceous,  noticed,  xllx;  llie 
oolitic,  noticed,  xlix ;  the  tertiary, 
noticed,  I. 

FlUTiatilc  deimsits  of  Canada,  Dr.  Bigsby 
on  the,  33l>;  of  Pavershani,  Mr. 
Trimmer  on   the,  360;  of  Norfolk, 

Mr.    Austen    on    the,    133; , 

Mr.  Trinmier  on  the,  20,  24 ;  of 
Nolawasaga,  Dr.  Bigsby  on  the,  227  ; 
of  the  lias,  noticed,  Iriii ;  of  the 
Mi8ii!i»i|)pi,  noticed,  liv,  \xxi ;  of  the 
Punjaul),  Major  Vicary  on  the,  42; 
of  the  Rhine,  noticed,  Ixxi ;  of  the 
Thames,  Mr.  Tritnmer  on  the,  25 ; 
of  the  Wealden,  noticed,  Iviii. 

Folkestone,  the  Itint-drift  at,  257,  385. 

Foot)irints,  carlroniferous,  noticed,  iiii ; 
recent,  in  the  Bay  of  Fundy,  241 ; 
,  noticed,  Ixi ;  recent,  in  the  Sa- 
vannah, 244;  Silurian,  247,  250; 
Silurian,  noticed,  Ixxv  ;  triassic,  no- 
ticed, Ix;  Wealden,  117. 

Forlics.  Prof.  E.,  on  dredging,  noticed, 
Iiii;  on  the  cstuarj'  beds  and  the 
Oxford  clay  at  Loch  Statfin,  104 ;  on 
the  Tegetabie  remains  from  Ardtuii 
Head,  103;  on  the  Wealden  piilmo- 
nifers,  noticed,  Iviii,  Ixvi. 

Fore<>t!,  submarine,  of  the  Channel 
Islands  and  coasts  of  the  Channel, 
131. 

Forez,  Sir  R.  I.  Murchison  on  thegeology 
of  the.  13. 

France,  central.  Sir  K.  I.  Murchison  on 
the  carboniferous  rocks  of,  13. 

Freshwater  deposits.     See  Fluviatilc. 

Fundy,  Day  of,  foot-tracks  in  the,  241. 

, , ,  noticed,  Ixi. 

— , ,  rain-prints  in  the,  239. 

Galloway,  Silurian  roelis  of,  157. 

Gaytonthurpe  Valley,  deposits  of  the,  26. 

Geologii^  history  of  the  Singapore 
district,  333. 

structure-  of  North  America,  Sir  J. 

Kichardson  on  the,  212. 

of  the  Tagros  Range,  Mr. 

Loftus  nn  the,  2li3. 

Geology  of  Himalaya  and  Tibet,  Captain 
Strachey  on  the,  292. 

of  the  Straits  of  Singapore,  Mr. 

J.  R.  l^gan  on  the,  310. 

Girraii,  carboniferous  and  Silurian  rock) 
of,  141. 

Glacial  [teriud,  Mr.  Ausicn  on  the,  130  ; 
Mr.  Trininicr  on  the.  20;  Sir  R.  1. 
Murchison  on  the,  3!MI. 

Claris  slate,  age  of  the,  noticed,  Ixiit. 

Gloucestershire,  Rev.  1'.  B.  Ilrodic  on 
the  inferior  oolite  of,  20K. 


Goppert,  Prof.,  on  the  oonifera;  of  the 

coal,  noticed,  xlli. 
Graptolites  Beoki,  60. 
—  -  ineimu,  62. 

^ NicoU,  61. 

Nilssoni,  61. 

of  Dumfriesshire,  58. 

,  scalariform,  64. 

Sedgwickii,  60. 

tenuis,  173. 

Craptolitic  schists  of  Ayrshire,  Sir  R.  I. 

AJurchison  on  tlie,  161. 
of  Dumfriesshire,  Mr.  llark- 

ness  on  the,  46. 
;  Sir  R.  I.  Murchison 

on  the,  IJtt. 
Gravel-beds,  faulted,  283  ;  of  Cheshire, 

SOI ;  of  S.E.  England,  349 ;  of  the 

coasts  of  the  English  Channel,  IIH; 

of  the  Guildford  Valley,  278;  of  the 

Kavrree  Pass,  39;  of  the  Thames  Val- 
ley, 2.1,  .13. 
Greensand    corals,    Mr.   Lonsdale    on 

some,  113. 
Grecnsbarg,  fossil  rain-prints  at,  246 ; 

fossil  reptile-tracks  at,  noticeil,  Ivii. 
Guildford  gravel-licds,  Mr.  Austen  on 

the,  278 ;  Sir  R.  I.  Murchison  on  the, 

378. 
Hail-printi,  triassic.  Sir  C.  Ljell  ODi 

243. 
Hampshire  and  Susscjt,  flint-drift  of, 

351. 
llappisborough,  buried  forest  of,  20. 
Darkness,  Mr.  K.,  on  the  Silurian  nvks 

of  Uuinfricssbire  and  Kirkcudbright- 
shire, 46 ,  on  the  Graptolites  of  Uum- 

fricsihire,  58. 
Harting  Corabe,  fliut-drift  of,  352,357. 
Hartley,  erratics  at,  3.1. 
Hastings,  ornitboidichnitei  at,  117. 
Heer,  I'rof,,  on  the  anthracite  plants  of 

Pctit-Ctt-ur,  noticed,  xlviii ;   on  the 

insects  of  the  carboniferous  period, 

noticed,  Iv. 
Hever  Lodge,  the  drift  at,  381. 
Highlands,   South-Weateni,   Sir    R.  I. 

Siurchison  on  the  geology   of   the, 

169. 
Himalaya  Mountains,  Captain  Strachey 

on  the  geology  of  the,  292 ;  noticed, 

Iiii. 
Ilitchcwk,   Prof.,  on  fossil  footprints, 

noticed,  Ix. 
Human  remains,  ffissil,  noticed,  Kxi. 
S|)ecies,  recent  origin  of,  noticed, 

Ixxii. 
Hyracothcrium  euuiculus,  noticed,  Ixix. 
Ice-floes  and  coast-ice,  Mr.  Trimmer  on 

the  action  of,  22, 30, 205 ;  Mr.  Austen 

on  the  action  of,  135. 
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Icbthyolitct  of  the  coal,  M.  Agmssiz  on 
the,  noticed,  Iv. 

Iguanoilon,  noticed,  U\. 

Impreuious  on  tlie  Potsdam  sandstone, 
IVof.  Owen  on  the,  250. 

India,  fossil  fish  from  the  oohle  of,  273' 

Inferior  oolite  of  Gloureslenhire,  Rev. 
P.  U.  Brodie  ou  the,  »>S. 

Insects,  absence  of,  in  some  recent  and 
tertiary  dcposiu,  noticed,  U  ;  of  the 
coal,  noticed,  Iv  ;  of  the  lias,  noticed, 
Iviii ;  of  the  Slonesfleld  oolite,  no- 
ticed, Ixv. 

Invertchrata  of  the  oolite,  noticed,  IvU. 

Ischyptcnis,  noticed,  lix. 

Jurassic  strata  of  Yorkihire,  tlie  fosail 
plants  uf  the,  179. 

Kennedy's  Pasa,  conglomerates  of,  ISO. 

Kent,  the  soils  covering  the  cJialk  of, 
31. 

Kcniville,  n'cent  rain-prints  and  fool- 
■racks  at,  340. 

Khyber  I'ass,  pliocene  and  palaxnuie 
rocks  of  the,  44 

King,  Dr.,  on  carboniferous  reptile- 
tr^icks,  noticed,  Ivii, 

Kirkcudbrighlshirr,  Mx.  Ilarkness  on 
the  Silurian  rocks  of,  54 ;  Sir  R.  1. 
Murchison  on  th':  Silurian  rocks  uf, 
147. 

Knockdolian  limestone,  fowilt  of  Ihe, 
154.  170. 

Uke  Huron.  223;  La  I'luie,  317: 
of  the  Woods,  315:  Ontario  and 
SiiniM>e,  230 ;  ^aint  t'Uir,  iiH ;  Su- 
perior, Iwddrd  ilrtritus  of.  331 ;  Su- 
)H-rior,  lo4»r  detritus  of,  319;  Supe- 
rior, tniji  i^la^ll»  of,  22,1. 

l-akes,  Norili  American,  Dr.  Uijtsby  on 
tlie  erratics  of  Ihe.  215 :  Sir  J. 
Kicbatilson  on  the  physical  geogra- 
phy of  the,  314. 

Land-thelU,  absence  of,  in  the  coal,  no- 
cicnl,  hv. 

l-ulerite,  Mr.  1.  R.  lAiKHxt  on,  338. 

l.«a,  Mr.  I.,  on  carlMuiifrrous  rrplilc- 
tracks,  noltccil.  Kii. 

I.eaf-lied,  |KMt-tcrtiarv,  at  Kinlyre,  109. 

I^al-hriUal  \rillun,  the  l>iike  of  Argyll 
on  leitiary ,  94. 

/^*idohu  DecdmMuit,  373- 

l.es>inps.  Prof.  Delcsse  on  the  fotjhjry 
of,  7. 

Lewes,  the  drift  at,  SAI. 

Lias  inTcrtebraca,  noticed,  Iviii. 

Limapie  d'.luvrrgnr,  laruilriiic  linia 
of  Ihe,  14,  7(1;  iiiaininalia  of,  no- 
ticed. Ixia. 

LinksArlil  ijuarry.  Captain  iirirkendrii 
on  the  iMMilHrr-rlay  in  liie,  389. 

Loftus,  Mi.  \V.  K,.  on  Ihf  feologinl 
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■tracture  of  the 
Wcstrni  Pr 
Logan,   Mr.  J.  B.,  MS 

s, '^ti 
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i  nipar  ami  (.^yathsphonf  f^^W 
LhihI  on   the  South   ABoioH 
ravems.  noticed,  Isxi. 

Lv  A  IWtwiwk  Ml. 

nil.  lie. Hits.    191. 

Lyell.  Sir  L.  tl'miitiai). 
presmuog  tlic  W«IImI« 
the  K*T.  A-  Stdnrkk.  sts ; 
on   praaVQiaaf  IM   Oi 
Award  to  Uw 

M.   Joscliiai  hammme,  u>t 
'  ytrmrf  Aitditaw  ss*. 
Aradnrfftflwaat 
M.  M.-H.  D.  4» 
M.  r.  Dahaia  ik  Mal|i<WM. 
Sir  Kubert  Pnt,  aiviii :    '     " 
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relation  with  the  theory  of  successive 
develo[)ment,  li ;  rem&iiis  of  Atili  in 
the  Siluriun  rucks,  lii ;  Silurian  rocksi 
of  the  liimalara,  investigated  by 
Captain  Struchey,  lii ;  probahic  quiet 
dcpoiiitiun  of  the  Silurian  rocks,  liii ; 
their  purely  marine  character,  liii ; 
the  re!>uU«  of  sea  dredging,  bil ;  ab- 
sence of  land  slietis  in  the  older 
rocks,  liv ;  rarity  nf  freshwater  shells 
in  the  coal,  liv ;  Insects  of  the  coal, 
Iv ;  Prof.  Ilcer  on  the  insects  of  the 
carboniferous  period,  Iv  ;  Agassiz  on 
the  list)  of  the  ciial,  Iv  ;  Sauroid  fish, 
Ivl;  II.  V.  Meyer  on  Apateun  j>edes- 
Iris,  Ivl ;  Prof.  V.  Dechen's  discovery 
of  reptiles  in  the  coal,  Ivl  i  Dr.  King's 
discovery  of  fossil  reptilian  foot- 
prints in  the  carboniferous  sandstone 
of  i'eiinsytvania,  Ivii;  Mr.  I.  Lea's 
discovery  of  carKinifrrous  reptile- 
tracks,  Ivil ;  invertebrata  of  the  se- 
condary fnrtnations,  lv\\ ;  Rev.  Mr. 
Hrodie's  insects  and  freshwater  ani- 
mals of  the  lias,  Iviii;  Ur.  Uunker's 
and  Prof.  E.  Forbcs's  discovery  of 
puliuonifenc  in  the  M'ealden,  Iviii; 
Forbes  and  Austen  on  the  relations 
of  the  Wcalden  to  the  oolitic  and 
the  cretaceous  e]iochs,  lix ;  vertebrata 
of  the  secondary  rucks,  lix ;  the 
Iguaiiodon,  lix ;  i'oulpriuts  uf  birds 
ill  ibf  triai  of  North  America,  !l\ ; 
Mr.  Kolticbl,  Prof.  Hitchcnk,  Dr. 
Deanc  aud  Prof.  Owen,  researches 
and  remarks  on  the  bird-tracks,  l.\,lxi; 
Mr.  Dana  on  coprolites  accompany- 
ing the  bird-tracks,  Ixi ;  absence  of 
renittius  nf  birds  in  the  ancient  triassic 
rock  and  in  the  recent  fout-marked 
clays  of  [he  Buy  of  Tundy,  and  the 
marl  of  Scotch  Lakes,  Ui  and  Ixii ; 
probable  presence  uf  bird-reniaius  in 
the  Stoncnticbl  slate  and  the  Wealden, 
Ixii ;  (rteroilactyles,  Ixiii ;  tertiary  re- 
mains of  birds,  Ixiv  ;  the  Stoucsfield 
maiMiualio,  Ixiv ;  Prof.  Owen  on  Am- 
pbitlierium  Prevostii,  Ixiv;  fossil  ce- 
tarea.  Ixvi ;  valueofnegativeevideucc, 
l.\vii ;  reasons  why  fluviatile  and  la- 
custrine deposits  may  be  rare  in  the 
older  rocks,  Ixviii ;  tertiary  mam- 
malia, Ixix;  cavern-remains,  Ixix; 
the  Aralo-Caspian  farmati<ui,  Ixxi ; 
fluviatile  dejKi.iits  of  the  Rhine  and 
.Mississippi,  Ixxi;  cavcni-reniaius  uf 
Urazil,  Ixxi;  rare  occurrence  of  hu- 
man reitmins  even  in  the  most  recent 
leriiary,  Ixxi;  recent  appearance  of 
man  on  the  earth,  Ixxiii;  creation 
aud   extinction    of    species,    Ixxiii ; 


great  age  of  the  existing  fauna  and 
flora  of  Europe,  Ixxiv;  note  on  the 
tortoise-tracks  brought  from  Lower 
Canada  by  Mr.  Logan,  Ixxv;  Prof. 
Owen  ou  the  Canadian  footprints, 
bcxvi. 

Lyell,  Sir  C,  on  fossil  rain-marks  of 
the  recent,  triasaic,  and  carbonifemiu 
periods,  238. 

Maracus  encenus,  noticed,  Ixix. 

Macclesfield,  erratics  at,  'i(Ki. 

Macculloch's  Geological  .Map  of  Scot- 
land, noticed  by  Sir  K.  I.  Murchison, 
VM. 

Maikie,  Mr.  S.  J.,  on  a  deposit  at 
Folkestone  containing  bones  of  mam- 
malia, 237. 

ilaclurea,  sp.,  17fi. 

Maidstone,  the  drift  at,  3fi2. 

Manmialian  remainsat  l)etchworlb,.3H(); 
at  nrigbton,  385,  Sfil?;  at  Dover, 
384;  at  Kast  Bourn,  3S5;  at  Folke- 
stone, 2(il,  385  ;  at  Maidstone,  3S2 ; 
at  .Marden,  38;i ;  at  PeasemiTih,  281 , 
2S8;  from  Tibet,  307  ;  in  the  t'pi>er 
Punjaub,  10, 44 ;  in  the  Valley  of  the 
Wcv,  387 ;  of  the  Pleistocene  period, 
131',  134  ;  of  the  Siwalik  Hills,  no- 
liced,  Ixxii ;  of  the  Stonesfield  slate, 
noticed,  lii ;  of  the  Thames  Vallev, 
■ifi,  33;  in  Kent,  37!),  382;  on  the 
North  Downs,  378;  on  the  South 
Downs,  3ti7;  near  Vichy,  7t>;  second- 
ary, noticed,  Ixvi;  tertiary,  noticed, 
Ixix. 

Mainmaliferous  crag,  Mr.  Austen  on 
the,  12U. 

Manchester,  erratics  at,  S04. 

Mantell,Dr.,on  the  Iguanodon,  noticed, 
Ixv. 

Marcbantia  Sezannensis,  noticed,  I. 

Massacbussetts,  fossil  fnotprints  of,  no- 
ticed, Ix. 

Menegbiui  and  Savi  on  the  Verrucano, 
noticed,  xlviii. 

Metaniorpliism  of  rocks,  Mr.  }.  R.  Lo- 
gan on  the,  340. 

Meteorological  comlitious  of  Singapore, 
328. 

Mever  on  Apateon  pedestris,  noticed, 
Ivi. 

^!ille^,  Mr.  Hugh,  on  progressive  deve- 
lopment, noticed,  xxxiv. 

Mississippi,  absence  of  land-shelli  in 
the  alluvia  of  the,  noticed,  liv. 

Molluscs,  Silurian,  noticed,  lii ;  Weald- 
en,  noticed.  Iviii. 

Munipereux,  .M.  F.  Dulmis  de,  notice 
of,  xxvii. 

Mull, the  Duke  of  Argyll  on  tertiary  leaf- 
beds  in  the  Isle  of,  89. 
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Mullock  Hill  landitonet,  thr  foMtU  of 
the,  144,  171. 

Mundcslev,  freshwater  depoiitt  of,  S<), 
liH. 

Murt'liiion,  Sir  R.  I.,  on  the  uilbiadtc 
bed>  of  Pctit-Cccur,  noticed,  xliv ;  on 
tlie  sltty  rocks  of  the  Siebou,  13;  on 
the  iiiincral  spring!  of  Vichy,  76  ;  un 
the  Silurian  rocks  uf  the  South  of 
Scotland,  137 :  on  the  geolofcy  of 
the  touth-wettcrn  Highlands  of  Scot- 
Und,  11)8  ;  on  the  distributioD  of  the 
flint-drift  of  the  South-east  of  En- 
gland, on  the  flanks  of  the  Weald, 
and  over  the  surface  of  the  South 
and  North  Uowns,  349. 

Musakhail,  palicnzoic  fossils  from,  38. 

Musclielkalk  uf  the  Himalaya,  Captain 
Slraohey  on  the,  AOS. 

Museum  Committee,  report  of  the,  iii. 

,  donations  to  the,  Viii. 

Nar  Valley,  Mr.  Trimmer  on  the  drpo- 
siliof  the,  23.  26. 

Negative  evidence,  the  value  of,  noticed, 
bivii. 

Srrilina  SlaffinnutM,  110. 

Niagara  Kiver,  Dr.  lligshy  on  the  em- 
tics  of,  8S9. 

NiduUtffmui,  174. 

Norfolk,  Mr.  Trimmer  on  the  erratics 
of,  19;  Mr.  Austen  on  the  pleisto- 
cene dr|K>siis  of,  133. 

North  America,  Sir  J.  Kichardson  on, 
m. 

.     See  Canada. 

North  Uowns,  drift  of  the,  873. 

Northampton,  the  Marquis  of,  notice 

of,  XXX. 

Northern  drift,   Mr.  Trimmer  on  the, 

19. 
Notice  uf  a  new  comhuitihle  sultstance 

discovered  in  Russia,  (td. 
of  the  cual-uiiiies  near  Erzeruoni, 

S5. 
of  the  oocurreDce  of  an  eutbqualie 

at  Uruna,  19. 
of  the  occurrence  of  an  earthqaaJie 

at  Canhagena,  S38. 
Nova  Scutia,  upright  Calamitcs  in,  194. 
Nummulilic  rt>cks  of  llie  Upper  Puit- 

jauh,  40,  43. 
Oltoo,  (nal  district  near,  (U. 
Oolite,  absence  of  pulmoaifera  in  the. 

Ivii 

.  fkira  of  the,  noticed,  alix.  It  iii. 

,  insects  of  the,  iiuticed,  Iviii. 

,  Inferior,  of  (jlouoextcrahirc,  SON. 

OoHtie  flah  of  lite  Drceaii.  S73. 

(MiienU?  crasaa.  lil,  175. 

Origia  of  tberma)  anringv  Su  R.  I.  Mur- 

etaiioB  on  the,  81. 
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Mr.  Trimmsr  ua  llw,  SI. 
Ormerod,  Mr.  G.  W.,  ■•  «k« 

beds  at  .Vsllcy,  1 
Ormthicbuitca, 

ofthe  Wed4(a.lir 

Orthoccras  politum.  MX. 

Barrtmdfi,  177. 

vagiaalum.  177. 

Orthn<«ralite    flmltw 

149. 
Oitna  IMriAm.  110. 
Otoiamitca,  IM. 
OwcA,   Prof.^ 

OB  ibr  I 
>TCrMl  bv  Mr. 

fUn^A.  ISO;  oti  tbr  ihaorf  at  fi*. 

grrsaise  ■ 

on   the 

liced.  Ixiv  i  «■ 

ticcd,  bdi!   M 

tracks*  fw^ictii,  bxv. 
Oxfordian  roeks  a(  the  litealaTB. 

of  Ibr  Isle  uf  Site.  IM. 
I'alBotoie  foaaila  «(  ik>  Kkjbar  1 

laiiB,  4S. 
P«lia*;a>  Wim«winwl.  Ml. 
PeMCOMnk.  Mr.  Mmmm 

bedaaf,»l|  tkM.L 

the  dental  ol,  VS. 
PecoptcrU  WwMlil.  IM. 

e**|iitda*L,  IMl 

eunata.  187. 

exOia.  188^ 


ai.asl«. 


—  wmwwiii.  IM. 

WiniaiMiri.  117. 

Ped.  Sir  BohcH. 
PlniB* 

nnuce 
PennsTtTtnie. 

niiticnl,  Ivii. 
Permian  bed*  tf  AtHitf, 

oothe.  SM. 

eUaoaoa  thck  ICL 
/W— Ifcriitiirit.  111. 
Pitfya,  WaMn,  Mc 
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I'ietlniontGUii  Hagitona,  foMilsofthe, 
172. 

Pipes  and  furrowi  on  luriace  of  chalk, 
83. 

Pisolite  of  Gloucenlerehire,  208. 

PUntg,  fossil,  of  the  Isle  of  Mull,  1»>3. 

, ,  notifed,  xl. 

■  -,  B<ime  fossil,  of  Yorkshire,  t7S'. 

Plalanitea  Hebridictu,  103. 

,  rar.,  103. 

Pleistocene  perio«l,  Mr.  Austen  on  the, 
118. 

Plntrorhynchut  diplena,  var.  rhimbui- 
deut,  175. 

Pliocene  l)eds  of  the  Panjanb,  41,  43. 
-  -  mattimaliu,  noticed,  Ixix. 

Plutonization  of  rocks,  Mr.  i.  R.  Logan 
on  the,  340. 

Porplivry  of  liclgium.  Prof.  Deleue  on 
the.  6. 

PotamotHi/a  ?  Somrbii,  112. 

?  SedffwieUi,  1 13. 

Polsdoiu  sandstone,  rcptile-tracks  in 
the,  2J7,  250;  noticed,  Ixxv. 

President's  Anniversary  Address,  xxv. 

Prestwich,  Mr.  J.,  jun.,  on  the  drift  of 
Sangatte  Clilf  near  Calais,  271. 

Prevost,  M.  Constant,  on  successive  de- 
velopment, noticed,  xxxvi. 

Primary  fu-isiiliferoud  strata,  flora  of, 
noticed,  xl ;  fantia  of,  noticed,  tii. 

Prutornis  Glarieuais,  noticed,  Ixiii. 

Pterodactytes  of  the  chalk,  noticed, 
Ixiii. 

of  the  Stonetficld  slate,  noticed, 

Ixii. 

Pulinonifenc,  absence  of,  in  the  coal- 
measures,  noticed,  liv. 

,  WealJeu,  noticed,  Iviii. 

Pungernite,  description  of,  66. 

Punjaub,  U[iper,  Major  Vicary  on  the 
geology  of,  38. 

Quenast,  the  |>urphyry  of,  6. 

Kadiala,  Silurian,  noticed,  lii. 

Rain-prints,  ijir  C.  Lyell  on  fossil,  238  ; 
on  recent,  239 ;  triassic,  212 ;  carbo- 
niferous, 211 ;  recent,  noticed,  Ixi. 

Ramsay,  ProT.  A.  C,  on  the  sequence 
of  events  diuing  the  Pleistocene  pe- 
riod, as  e\idcnccd  hy  the  suptrfcial 
accumulations  and  surface-markings 
of  South  Wales,  207. 

Rastrites  peregrinus,  59. 

triatufulatu),  5!). 

Kcdfield,  .Mr.,  on  triassic  rain-prints  and 
foiit-tracks,  Ix. 

Report  of  the  Council,  i;  of  the  Library 
Committee,  v ;  of  the  Museum  Com- 
mittee, iii. 

Reptiles  of  the  coal-measures,  noticed, 
Ivi. 


Reptile-tracks,  triassic  noticed,  U. 

,  Silurian,  217,  250. 

, ,  noticed,  Ixxv. 

,  carboniferous,  noticed,  Ivii. 

Rhamnitn}}  loneeolaltu,  103. 

?  major,  103. 

.'  multmrrvatut,  103. 

Richardson,  Sir  J.,  on  some  points  of 
the  physical  geographyof  North  Ame- 
rica in  connectiou  with  its  geological 
structure,  212. 

Rititoa  {llydrobia)  etmuliu,  110. 

Kockv  Mountains,  structure  of  the, 
212. 

Rose-coloured  syenite  of  Egypt,  li. 

Runton,  Mr.  Trimmer  on  the  fluvio- 
marine  beds  at,  20 ;  Mr.  Austen  on 
the  lluviii-nmrine  beds  at,  133. 

Russia,  discovery  of  pungernite  in,  66. 

Sagenopteris  cuneaia,  181. 

Salter,  Mr.  J.  \V.,  on  the  Silurian  fossils 
nf  Ayrshire,  170;  un  the  remains  of 
lish  in  the  Silurian  rocks  of  Great 
HriUin,  263. 

Salt  rock  of  the  Himalaya,  397. 

of  the  Punjinb  and  of  Subathoo, 

15. 

Sangatte  drift,  Mr.  Preitwich  on  the, 
271. 

Saugh  Hill,  section  of,  147. 

■ sandstones,  fouili  of  the, 

172. 

Sauroid  fishes,  noticed,  \i. 

Savi  on  the  Verrucano,  noticed,  xliii. 

Scalariforra  Graptolites,  61. 

Scandinavian  boulders  of  Norfolk,  31. 

Scotland,  geological  map  of,  139. 

,  South,  Mr.  Harkness  on  the  Si- 
lurian rocks  of,  56. 

, ,  Sir  R.  I.  MuxdiisoD  on  the 

Silurian  rocks  of,  137. 

Secoodar;  rocks,  the  invertebrata  of 
the,  noticed,  Ivii;  the  vertebrata  of 
the,  noticed,  lix. 

Sedgwick,  Prof.,  award  of  the  Wollaston 
Medal  to,  xix ;  on  fossil  cetacean 
remaina,  noticed,  Ixvi ;  on  the  theory 
of  progressive  development,  noticed, 
xxxiii ;  reply  on  receiving  the  Wol- 
laston Medal,  xx. 

Sichon,  Sir  R.  I.  Murchison  on  the 
carboniferous  rocks  of  the,  13. 

Sidlaw  llitis.  Sir  R.  I.  Murchison  on 
the  geulugy  of  the,  168. 

SiturcH,  district  of  the  ancient,  in  Scot- 
land, HI. 

Silurian  fauna,  noticed,  lii. 

fish-remaina,  Mr.  Salter  on,  263. 

fossils  of  the  Himalayas,  303. 

reptile-tracks,  247,  250 ;  noticed, 

Uxv. 
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Siluriui  rocki  of  the  IlimaJ*;*,  notioHl, 

liii. 
of  Dunifrie«»hire  uu)  Kirk- 

cudbriglitshirc,  Mr.  Uarknest  on  the, 

46. 

of  Scotlmid,  56,  137. 

Siii^pore,  Mr.  J.  R.  Ix>gan  on  the  geo- 

lugvuf.  aiu. 

Sibmniiila,  M.,  nn  the  authracitet  uf 
Pctit-Ca'ur,  noiireil,  ilvi. 

Siwalik  Hilli,  fossil  nianimilii  of,  no- 
ticed, Ixxii ;  Captain  Strachev  on  the, 

Skye,  Isle  of,  Prof.  E.  Forbea  on  the 

oolitic-  rnckt  of  the,  104. 
Slate-n)ck»  of  the  Siclion,  Sir  R.  I.  Mur- 

cliisoii  on  the,  13. 
Smith,  Rev.  I've,  notice  of,  x\xi. 
Soils  covering  the  chalk  of  Kent,  origin 

of  the,  31. 
Surby,  Mr.  II.  C,  on  the  microKopii-al 

ktriicture  of  the  calcai«ou>  grit   of 

Yorkthire,  I. 
South  Downs,  anticlinal  in  the,  359; 

drift  on  the  wfutheni  «lo|>e  of  the, 

362  ;  flint-drift  on  the,  37U  ;  round 

tertiary  thingle  on  the,  372. 
Sfieciet,  origin  uf,  uoticcd,  Ixxii. 
Sfihrno/ilerit  nrphrocarpa,  I7il. 
Staffin,  l,och,  oolitic  rocks  at,  11)4. 
Stunestield  »latc,  the  maiumalia  of  (he, 

noticed,  Ixvi. 
Storr,  scenery  of  the,  lOS. 
Strachey,  Capt.,  on  the  geology  of  part 

of    the    lliinaiaya    Mountains    and 

Til>et,  292  ;  noticed,  liii. 
Slrirklanil,  Mr.  II.  E.,  on  the  elevatory 

forces  that  raited  the  Malvern  Hills, 

2U8. 
Sub-ui'rial    beds    of    Devonshire    and 

Cornwall,  Mr.  Austen  on  the.  121. 
Successive  development,  slaienienl  of 

the   theory    of,    xxxiii ;    argunieula 

op|iose<l  to  the  theory,  xxxvii. 
Superficial  accuinulationt  of  the  coasts 

uf  the  Knglish  Channel,  118. 
deposits,  Mr.  Triuuuer  on  map- 
ping, l!l.  37. 
Syenite,  Kgjptian,  M.  Deleoe  on,  9. 
Sykes,  Cul.,  on  a  foaifl  flab  bom  the 

tableland    of    the   Deccao    in    tlie 

Peninsula  of  India.  272. 
Table,  synoptical,  of  the  upiier  l«r- 

tiaries,  136. 
Ttcroa,  Mr.  Lofta*  on  ihe  gMlogjr  of 

TinDtai**.  Mitkndl0.tedi  of  the,  ae- 

lie«d,  xUir. 
TatUf}  Cmmfttm,\<a. 
Terrbratula  dipbya.  74. 
Terracn.  Dr.  Iligiliy  uu  Canadian,  235. 


Tertiaiws,  emtir.  vt  KorfUi,  If  i  if 

Cheshire.  SUl  (  ofCi— <■.  SUw 
, .  &*D«ift.1III.Gn>ii.*e. 

,  uiMH-f.  itnuuLiea]  Lslilr  vd.  IJC 

Tertiar  j«r 

Pm «t 

hinUrriiuuHSi BUitcMt. aUt i  t^»,m^ 
tire<l,  I  i  riirT»tl^.  *tt\a4,  hi*. 
Tliermal  ■priaga.n. 

172. 
Tiliet.  Capt.  Stradurr  aa  tW  |Mki0  W 

|>art  of.  3M. 
TillofCtli.  (SnMk,n. 

scralrhed  .-.«,  SM. 

Tortoiite-trai  k>,  ^iiunan,  M7.  Mft 
Transmutation  uf  spacM*,  Ihc  I^MiT  *^ 

noticed,  aaxiii. 


Trap-djrkea  M 

1U5. 
Travcrune  of  the  Cttmlt.  TK 

Triassic  binl-tracka,  MMcBi.  ka. 
rain-  ami  hail-^ala,  Sr  C 

«n,  243. 

Trigxin-t  • '■'-    "  I 

Trimn  '  rralirtaif 

or  ii'H    ■  '    '  '  ,  oa  tW  I 

water  depusiu  ai  tb« 

Vallev.2«;  on  ih'  n 

iif  t.'  ?a 
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gin.i! 

of  Kctu, 

bordering  tSv  I 

CongletuD  and 

the   scratched  delhto*  of  %im  TO. 

2ll| ;  on  the  physkd  cvidnM*  rf  m 

extreme  arvtic  dlaaik   <iini  lft» 

formation  of  the  ctraue  laftaana  «f 

England  anil  WaUa,  tJZ. 

Trvtiemisb,    Piuf.   B.  IWWb  •■  tt» 
geolon  of.  105. 

TobiciMUfi,  fiMfl.  Mtini,  InS. 

{MiaSMhaMfe.  111. 

Valley  oTthc  AAv.  MO ;  aT  ika  Al^ 
77  :  of  the  Area,  MO;  af  tk*  A*i» 
25 ;  td  Btdlwcka, «(  «l  IW Oj^t, 
1.15;  of  llwOttkaM.M0i  af  IW 
Dan*.  >04;  of  tin  DwMl.  Ml ;  rf 
lurking.  at» ;  cT  r^tnlfcwii.  0, 
26,  36 )  of  the  Uttia  0«M.  fl ;  rf 
the  Uedway. Ml  i  irflW  lliwisMk 
213 :  ol  ih*  Uol*.  Mf :  ««  Ik*  Nar. 
29.  lis.  M;  of  tka  Ow*.  MA.  Mis 
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Venetian  Alps,  Prof.  CatuUo  on  the 
epiolitic  rocki  of  the,  66. 

Vemeail,  M.de,  on  the  Devonian  rocks 
of  Brittany,  noticed,  xl. 

Verrucano,  fossils  of  the,  noticed,  xlviii. 

Vertebrata  of  the  secondary  rocks,  no- 
ticed, lix ;  of  the  Stonesfield  slate, 
noticed,  Ixiv. 

Vicary,  Major,  on  the  geology  of  Upper 
Punjanb  and  Peshaur,  38. 

Vichy,  Sir  R.  I.  Murchison  on  the  ori- 
gin of  the  mineral  springs  at,  76 ;  on 
the  carboniferous  rocks  near,  14; 
mineral  waters,  analysis  of,  81. 

Virarais,  volcanic  district  of  the,  83. 

Volcanic  toff  of  Ardtun  Head,  94. 

Volterra,  anthracitic  schists  of,  noticed, 
xlviii. 

Voltz,  M.,  on  the  anthracite-beds  of 
Petit-Coeur,  noticed,  xlvii. 

Walchia  WiUiamsoni,  191. 


Warp,  Mr.  Trimmer  on  the,  23. 

Weald,  Sir  R.  I.  Marchison  on  the  de- 
nudation and  drift  of  the,  349. 

Wealden  area,  Mr.  Austen  on  the 
changes  of  the,  S87  ;  on  the  gravels 
of  the,  287 ;  omithoidichnites,  Mr. 
Beckles  on,  117 ;  fauna, noticed,  Iviii, 
Ixiii,  Ixv ;  flora,  noticed,  xlii. 

Webster,  Dr.,  on  recent  rain-drops,  no- 
ticed, Ixi. 

Wick,  Mr.  Cleghom  on  the  Tffl  of,  200. 

Wigtonshire,  Sir  R.  I.  Murchison  on 
the  Silurian  rocks  of,  157. 

Wollaston  Medal,  award  of  the,  xiz. 

Donation  Fund,  award  of  the,  xzi. 

Yorkshire,  Mr.  H.  C.  Sorby  on  the  cal- 
careous grit  of,  1 . 

,  Mr.  C.  J.  F.  Bunbury  on  the  fos- 
sil plants  of,  179. 

Zamia  of  the  secondary  rocks,  noticed, 
xlix. 
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